VOLUME XXXVII NUMBER 6 


BOTANICAL (GAZETTE 


JUNE, 1904 


CONTRIBUTIONS FROM THE CRYPTOGAMIC LABOR- 
ATORY OF HARVARD UNIVERSITY. LVI. 
NOTES ON THE MYXOBACTERIACEAE. 

ROLAND THAXTER. 

(WITH PLATES XXVI AND XXVII) 

SINCE the appearance in this journal (June 1897) of the 
author’s second paper on this group, comparatively little atten- 
tion has been given to it, and with few exceptions one finds no 
mention of it in current text-books, or in bacteriological litera- 
ture. Dr. Migula in his otherwise very complete System der 
Bacterien passes it with scant mention in his preliminary volume, 


and omits it wholly from the systematic part; where one finds 


such forms as Beggiatoa or Amoebobacter included in their proper 


connection. The Pflansenfamilien also still appears to contain no 
mention of it, despite the inclusion of a menagerie of organisms 
whose zoology is orthodox to a degree. 

In the second notice of the Myxobacteriaceae just referred to, 
mention was made of two papers by the late Dr. Zukal, in which 
he maintained the mycetozoan nature of these forms in connec- 
tion with a new theory of the constitution of the myxomycetous 
plasmodium, based on his interpretation of the conditions seen 
by him in Chondromyces crocatus. In a third paper (Ber. Deutsch. 
Bot. Gesell. 15: 542. 1897), however, he has discarded this 
opinion in favor of the writer’s view of their nature, although 
still unable to abandon the idea that the gelatinous matrix asso- 
ciated with their vegetative condition may be protoplasmic. He 
further calls attention to the fact that A/yxobacter aureus Thax. is 
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synonymous with Polyangium vitellinum Lk., an organism which 
has at various times been looked upon as a gasteromycete, a 
myxomycete, and even as ‘insect eggs.’ He also describes as 
Myxococcus macrosporus n. sp.a form having spores 3 in diameter, 
and producing orange or flesh-colored pustules in a laboratory 
culture of moist bark. The figures which he gives in this con- 
nection are so evidently diagrammatic, however, that it is difficult 
to determine whether he was really dealing with a species of 
this genus. The appearances shown in figs. 2 and 3, and especially 
in fig. 5 of his paper, are certainly not such as have ever been 
observed by the present writer. 

A second addition to the order has been made by Miss A. L. 
Smith (Jour. of Bot. Feb. 1903), who has described as Myxococcus 
pyriformis n, sp. a short-stalked form found on rabbit dung from 
Wales; bright pinkish orange, about 250m high, and with spores 
2% 1.5m. Whether the pear-shaped cysts of this species are 
deliquescent or not is not stated. The cultures of dirty white 
motile rods obtained by transfers may certainly be assumed to 
have been impurities; since they do not appear to have had the 
characters which so clearly distinguish the vegetative conditions 
of the members of this group from that of other bacteria. 

The third and last contribution that has appeared within the 
past six years was presented by Dr. E. Zederbauer at the May 
(1903) meeting of the Vienna Academy, and published in the 
proceedings (112:447). In this paper, a considerable portion of 
which is devoted to an interpretative criticism of the two contri- 
butions which have been published in the Gazerre, the author 
holds that the Myxgbacteriaceae, as an independent order of 
organisms, has no real existence; and that the conditions sup- 
posed to have been observed merely represent a symbiotic associa- 
tion between ordinary Eubacteria and hyphomycetous molds. 
Since they are thus ‘‘no order of bacteria,’ this author, at the 
suggestion of Professor von Wettstein, proposes to designate them 
as “Spaltpilzflechten.”’ 


This treatment of the group, though novel, seems somewhat 


hasty; especially in view of the fact that the figures and descrip- 
tions given in this paper show very clearly that its author is as 
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yet unacquainted with any member of the order he discusses, 
having been misled by fancied resemblances and influenced no 
doubt by an exaggerated notion of the difficulties associated with 
the differentiation of rod-like bacteria from Oedocephalum, 
Torula, and similar hyphomycetous types. A specimen of 
Myxococcus incrustans ( Torula Myxococet-incrustantis n. sp. * Bac- 
terium Myxococet-incrustantis n. sp.), which Dr, Zederbauer has 
kindly communicated to the writer, serves further to confirm this 
impression. An examination of this specimen shows it to con- 
sist of a horny incrustation which at least closely resembles a 
dried up mouldy plasmodium, blackened by the abundant fructifi- 
cations of a toruloid hyphomycete; and from the fact that the 
bulk of the mass consists of calcic carbonate, one might perhaps 
venture the suggestion that it may be related to the Physareae. 
That a number of organisms are associated in this lichen can 
scarcely be disputed; yet whatever it may prove to be, either as 
a whole, or in detail, it surely has no connection with any of the 
Myxobacteriaceae, as this group is at present understood.’ It 
seems, therefore, hardly necessary in the present connection to 
discuss the general characters of the order in the light of Dr. 
Zederbauer’s conclusions; or to do more than reaffirm the account 
given in the writer’s second paper, which is in his opinion sub- 
stantially correct throughout. 

The literary history of the Myxobacteriaceae thus bids fair to 
become as remarkable in its diversity as are the characters which 
make the order an anomaly among the plants which appear to 
be its nearest allies. There are certainly few groups including 
members which, as in the present instance, have been relegated 
to several genera of the Hyphomycetes, to the Gasteromycetes, 
to Eubacteria, to insect eggs, to Myxobacteria, to Myxomycetes, 
and finally to a group of “Splatpilzflechten;’’ and one can but 

‘Since the present paper was sent to the GAZETTE for publication a mounted 
preparation containing sections of authentic material of Chondromyces glomeratus 
has been received from Dr. Zederbauer and proves to be the conidial condition of 
Coryne sarcoides (Jacq.) Tul., to which the name 7¥emella sarcoides was given by Fries. 
It need hardly be remarked that this fungus is a widely distributed and very common 


form, well known to mycologists, having no connection either with “lichens” or 
Myxobacteriaceae. 
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look with no small interest, and perhaps with some misgivings, 
to such further taxonomic vicissitudes as may be in store for 
them. 

Since the publication of his last paper, the writer has made no 
further detailed study of the group, having merely reexamined 
his preparations in order to assure himself that he had not been 
guilty of such blunders as were, perhaps unconsciously, attributed 
to him in Dr. Zederbauer’s account. Although he has thus 
nothing new to add in relation to the general characteristics of 
the group as a whole, further careful study of these organisms is 
much needed, especially in connection with the movements of 
the rods and with their detailed cell characters. It seems by 
no means impossible that the pale pinkish coloring matter which 
appears to be invariably associated with the contents of the 
vegetative cells may be similar to bacteriopurpurin, and that these 
organisms may perhaps prove very near relatives of the Rhodo- 
bacteria; although there appears to be no indication of the 
presence of sulfur in the cell. It may be further remarked 
that the writer feels somewhat more inclined than formerly to 
entertain the suggestion, previously made, that these organisms 
may possibly represent transitional conditions between the higher 
bacteria and the lower Mycetozoa; having been partly influenced 
in this opinion by an examination of Ds. Olive’s preparations of 
Diplophrys and the Sorophoreae, which seem to indicate that 
there may not be so wide a difference in cell structure between 
these groups as has been assumed. 

Within the past few years a certain number of new forms has 
been accumulated, a majority of which are illustrated in the 
present contribution. In addition to these, two species of Chon- 
dromyces have also been met with; one of which was collected 
by Mr. A. F. Blakeslee on rotten wood in the Island of Mar- 
garita, Venezuela, and is allied to C. crocatus, although possessing 
a simple cystophore and differently shaped cysts; while the 
other, a somewhat amorphous species, was found on mosses 
growing on tree trunks at Intervale, N. H. Neither of these is 


available, however, in sufficient quantity for proper description, 


The species of Myxococcus are also certainly more numerous 
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than the number of described forms would indicate; but as these 
need more careful examination and culture than it has been pos- 
sible to give them, no additional species are here included; 
attention being merely called to the fact that a number of forms 
of the ‘‘rubescens” type, having spore masses of various colors, 
as, for example, magenta red, various shades of orange or yellow, 
milk-white, etc., should in all probability be eventually separated. 

Among the new forms described below, Chondromyces catenu- 
/atus is a most interesting contribution to the group, since it 
presents a new type of cyst formation, and still further illustrates 
the remarkable resemblance which these pseudofructifications 
bear to the spores and sporophores of some of the higher 
Fungi imperfect. As has been previously pointed out, the differ- 
ences that are so marked in some of the species result largely 
from secondary impulses which, influencing the ultimate rod- 
masses at the period of cyst formation, produce in the mature 
cyst the distinctive form which in many cases is the most easily 
recognized and sometimes the only visible specific character. In 
C. catenulatus the conditions are unusually complicated for the 
reason that the ultimate rod-masses, having become more or less 
cylindrical, elongated, and sparingly branched, instead of respond- 
ing to a single impulse in order to form a single ultimate cyst, 
is affected by a series of such impulses which cause the rods to 
stream together from opposite directions toward numerous suc- 
cessive points in the continuity of the mass; each point forming 
the nucleus of adistinct cyst. The ultimate masses thus become 
converted into chains of cysts united by slender isthmuses of 
variable length formed from the shriveled, tough, gelatinous 
secretions left behind by the moving rods (figs. 3-4), the whole 
pseudotructification thus assuming the form of a main axis or 
cystophore from the summit of which arise and diverge numerous 
series of spore-like cysts cohering in sparingly branched chains. 

Of the three forms which have been referred to Polyangium, 
none corresponds very closely to the type, and the copious 
matrix of gelatinous material which surrounds the cysts in P. 
vitellinum is either wanting, or at least not as well differentiated. 


Of the new forms, P. sepfatum and P. compositum are both further 
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peculiar from the secondary division of the primary cysts, of 
which the sori are composed, into a variable number of subequal 
portions clearly separated by straight lines of demarcation which 
give them a very spore-like appearance. 

Chondromyces catenulatus, nov. sp. Plate XXVT, figs. 1-5. 

Color bright yellow-orange. Cystophore simple, relatively 
rather short, the rather broad base spreading somewhat on the 
substratum, tapering to the distal end, where it is several times 
cleft; the divisions thus formed pointed, short, slightly swollen 
above the base and bearing one to several divergent chains of 
cysts. Cysts pale yellow, united in sparingly (once or twice) 
branched chains, fusiform to long elliptical, or often somewhat 
irregular in shape, the surface becoming more or less distinctly 
wrinkled at maturity, separated by longer or shorter, shriveled, 
membranous isthmuses; ten or twelve cysts often succeeding one 
another in a continuous series. Cystophore about 180-360 in 
height. Cysts about 20-50 x 18m, the longer chains 300. 
Average height of the pseudofructification 6504. Rods 4-6 x- 
1=<1.3p. 

On a rotten poplar log, Hanover, N. H. 

This very interesting form was communicated to me by Professor G. R. 
Lyman, from whom I have received living material which, although it renews 
itself readily on the original substratum, I have been unable to cultivate on 
such mediaas I havetried. From the size of the spreading tuft of chains, often 
much more copiously developed than in fg. 3}, it is a conspicuous species and 
is the only one thus far discovered with this peculiar cyst arrangement. The 
formation of the chain of cysts, which has been briefly referred to above, 
does not usually take place simultaneously throughout the ultimate rod-mass, 
but proceeds somewhat gradually from the base upward. As in other species, 
culture in a saturated atmosphere leads to the production of a variety of 
irregular and more or less abnormal forms, both in the cysts and in the cysto- 
phores, which tend to become short and stout. 

Chondromyces pediculatus, nov.sp. Plate X NV, figs. 7-13. 

Orange-yellow becoming orange-red on drying. Cystophore 
solitary, erect, simple, usually rather slender and somewhat 
wrinkled; the cysts forming a loose, umbel-like head. Cysts 
pale yellowish, often nodding, nearly spherical to long-cylindrical, 


clavate or pyriform, usually broader and more or less abruptly 
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flattened distally, where the papery cyst wall may be creased 
or folded so as to produce a more or less conspicuously roughened 
appearance; the base somewhat narrower, more or less wrinkled, 
passing with various degrees of abruptness to the pedicel, which 
is usually relatively long, slender, and shriveled. Cystophore 
about 300-700 in height, the head 150-500 p in diameter. 
Cysts about 45-60 x 30-40, their pedicels often 40-60 w long. 
Rods of rising pseudoplasmodium 2—4 * 0.6-—0.7 m. 

On goose duny from Sandy Run, S. C. 

This species was first brought to my attention by my assistant, Mr. ]. J. 
Wolfe, who found a few of its fructifications appearing on a laboratory cul- 
ture. I have kept it in cultivation for more than a year and have thus been 
able to determine the constancy of the characters which seem to distinguish 
it very clearly from C, crocatus, or others of its nearest allies. In a saturated 
atmosphere its growth becomes very irregular, the cysts assuming a sub- 
cylindrical form, the portion of the ultimate rod-mass which is usually emptied 
to form the long pedicel encysting with little contraction, as shown in figs. 6 
and 77. Under normal conditions, however, the peculiar form shown in fgs. 
S, 9, 72, and 7} appears to be very coastant. 

Chondromyces sessilis, nov. sp. Plate YN VII, figs. 14-15. 

Reddish-orange. Cysts forming a sessile rosette or tuft on 
the substratum without any clearly differentiated cystophore ; 
the individual cysts very variable in shape, irregularly broadly 
fusiform, often subapiculate, the surface somewhat wrinkled, 
very irregular in size, coherent at the base or more or less com- 
pletely confluent into irregular masses. Cysts 18-55 < 25-75 #, 
average about 40 «55. Diameter of rosettes about 100-250. 

On rotten wood near Miami, Florida. 

This species was found in the bammock immediately south of Miami, and 
has the general appearance of C.aurantiacus to the naked eye. It is very 
irregular in its mode of growth, and specimens occasionally occur in which 
there seems to have been an attempt to differentiate an irregular cystophore. 
The rosettes can be removed 77 fo/o from the substratum, and when examined 
from the under side show the irregular area of insertion clearly differentiated 
from the cyst surface (fig. 75). Though often very variable and misshapen, 
the cysts are normally shaped like those shown in fg. 74, and always cohere. 

Chondromyces muscorum, nov. sp. Plate XAXV//, figs. 16-18. 

Bright yellow-orange. Cysts simple or rarely furcate, sessile 


without any differentiated cystophore, erect, variously elongated ; 
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stout or usually somewhat slender, tapering more or less promi- 
nently to the bluntly pointed apex. Cysts go-300 = 20-50 pm. 
Rods 4-6 X I-1.3 M. 

On hepatics on trunks of living beech trees, Crawfordsville, Indiana. 

This species, which was kindly communicated by Dr. E, W. Olive, though 
unlike any other species of Chondromyces in general habit, is very similar in 
shape to some forms of My.xococcus coralloides; from which it differs, how- 
ever, in its bright color, and more slender form, as well as by the absence of 
spores It varies considerably in shape, from stout, bluntly rounded, to 


slender, more or less attenuated forms. 


Myxococcus disciformis, nov. sp. Plate NXVUI, figs. 19-21. 

Cysts disk-shaped, crowded, sessile, attached by a more or 
less ragged scar-like insertion, or irregularly heaped in masses; 
at first faintly pinkish, becoming pale dull orange-yellow; cir- 
cular to oval or somewhat irregular in outline; the cyst wall dis- 
tinct, thin, becoming very slightly wrinkled. Cysts about 
30-35 < 10H. Rods 2-3 * 0.5-0.6m. Spores irregularly spheri- 
cal, hardly distinguishable in the tenacious matrix. 

On muskrat dung from Stony Brook, Mass., and on deer dung from New 
Hampshire. 

This well marked species, clearly distinguished by its color and disk- 
shaped cysts, has appeared twice on laboratory cultures, and is one of the 
most minute members of the group. At the period of cyst formation the rod 
often heap themselves in masses of varying size, and in these masses the 
cysts become differentiated by secondary aggregation somewhat as in Poly- 
angium, so that many of them mature quite free from the substratum and thus 
lack the more or less characteristic scar corresponding to their insertion 
(fg. 79, x). In other cases the pseudoplasmodium appears to spread itself 
over certain areas of the substratum, which thus become powdered with a mul- 
titude of sessile cysts. The pale orange color is assumed onlv after the cysts 
are well matured, and seems due to a thin, papery, slightly wrinkled wall, 
within which the spores cohere in a matrix as tenacious as in the most char- 
acteristic cysts of Chondromyces, and in which it is only with great difficulty 
that the colorless rounded spores can be distinguished after crushing, even 
when examined with the highest objectives. Like WZ. cruentus, this species 
may thus be looked upon as representing a transitional condition between the 
Myxococcus and the Chondromyces types. , 


Polyangium septatum, nov. sp. Plate XXV/I, figs. 25-28. 


Sori yellowish-orange, becoming dull red-orange when dry, 


very variable in size, from nifty to several hundred yw in diameter, 
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forming irregular, often variously confluent masses. Cysts 
irregularly rounded, subspherical to ovoid, irregularly angular 
or subcylindrical, divided into an irregular number of secondary 
cysts through clearly defined pseudosepta, the septation trans- 
verse or various. Cysts 18-22 x 12-22. Secondary cysts 
about 10-12. Rods 3-5 « o.8—Ip. 

On horse dung, Cambridge, Mass. 

This curious form has appeared twice in laboratory cultures, and is at 
once distinguished by its compound cysts, the septation of which is so regu- 
lar and clearly defined that they have the appearance of fungus spores of the 
phragmosporic or dictyosporic type. The peculiarities of the species result, 
as is evident, from three successive aggregation impulses; first the general 
heaping up of the rod-mass, next the secondary aggregation of groups of 
rods within this mass to form the primary cysts, and lastly the ultimate 
aggregation of groups of individuals in these cyst masses by which they 
become divided into portions of considerable uniformity. The gelatinous 
matrix which holds the primary cysts loosely together is often scarcely dis- 

f 
P. vitellinum. Although this as well as the following species differ in so 


tinguishable, and hardly to be compared to the well marked envelope ¢ 


marked a manner from the type, both in this respect and from the presence 
of compound cysts, it seems undesirable to separate these forms generically, 
especially in view of the fact that 7. sorediatum, described below, appears in 


a manner to connect the two conditions. 


Polyangium compositum, nov. sp. Plate NA\I'//, figs. 


29-30. 
Color dull yellowish-orange changing to dark red on drying. 
Sori irregularly scattered or loosely grouped on the surface of 
the substratum, consisting of one to several, rarely more than 
SIX, irregularly rounded primary cysts surrounded by a more 
or less distinct common gelatinous envelope. The primary cysts 
irregular in size, elliptical to irregularly rounded or variously 
lobed or elongated, divided into very numerous secondary cysts 
which are irregularly polygonal from pressure, and thin-walled, 
tending to become more or less evidently arranged in definite 
secondary groups within the primary cyst wall. Larger sori 
about 100 ~ 170m@. Primary cysts 75 ~ 125-35 * 35, average 
about 75 ~ 100m@. Secondary cysts about 10-15 in diameter. 
On rabbit dung from Sandy Run, S. C. 


This peculiar form appeared on a somewhat old laboratory culture while 


the present paper was in preparation. Itis very inconspicuous from its small 
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size and dull color, as well as from the fact that the sori tend to become 
somewhat sunken in the viscous surface of the substratum. No rising rod- 
masses were obtained owing to the age of the culture, so that it was impos- 
sible to determine the dimensions of the rods. The general yellowish mucus 
envelope about the cysts is usually readily distinguished, and the primary 
cysts possess a sufficiently well-defined wall which in turn forms a common 
envelope about the thin-walled polygonal secondary cysts. 
Polyangium sorediatum, nov. sp. Plate XXVIII, figs. 22-24. 

Sori dull orange-red, irregularly lobulated, the primary lobes 
usually forming more or less clearly distinguished. irregularly 
rounded secondary lobules; the whole sorus consisting of a com- 
pact mass of small cysts, somewhat firmly coherent, the matrix 
forming a very thin scarcely distinguishable film about them. 
Cysts irregularly rounded, often somewhat polygonal from press- 
ure, rarely double, the wall thick and clearly defined, their aver- 
age diameter 6—7 p, the smallest about 3. Rods about 3-5 0.8 pw. 

On rabbit dung from Sandy Run, S. C. 

This species has been seen but once and in small quantity, attempts to 
cultivate it having failed. It is abundantly distinguished by its large sori 
and very minute cysts, which seem rarely divided in two, probably through 
accidental adherence. 

PoLyANGiuM and CysTopacrEeR having proved synonymous, 
the former genus should include in addition to the above new 
species P. virELLINUM Lk. (=C. aureus Thax.), P. simplex 
(Thax.) n.comb., and P. fuscum (Schroét.) n. comb. ( =-C. aureus 
Thax.). 

CHONDROMYCES CROCATUs B. & C. has within the last few 
years been found at New Haven, Conn., by Professor Setchell ; 
at Tabor, Iowa, by Professor H. Metcalf; and in Florida by 
myself; while Graf Solms Laubach (Bot. Zeit. 62:39), in a 
criticism of Dr. Zederbauer’s paper above mentioned, states that 
he found it on the fruit of Pandanus during his visit to Java. 

CHONDROMYCES SACCHARI Speg. had been described in the 
Revista de la Facultad de Agronomia y Veterinaria la Plata, no. 
Xvi, June 1896, but the description had not been seen when I 
published my last paper. The axis of this species is described 


’ 


as being formed ‘tex hyphis coalescentibus,’ 


although in the 
note following the description this statement is accompanied with 
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an interrogation. Except for its somewhat larger gross dimen- 
sions, this form, if really a Chondromyces, seems to correspond 
in all respects to C. crocatus, with which it is not compared by 
the author. Until further data are available concerning it, it is 
perhaps best omitted from an enumeration of the species of the 
group. 

CHONDROMYCES AURANTIACUS (B. & C.) has been collected by 
the writer in Florida and received from the Philippine Islands, 
where it was found by Mr. Reade. This species is also reported 
from the environs of Vienna by Zukal. 

CHONDROMYCES LICHENICOLUS Thaxter has been sent me on 
lichens from Crawfordsville, Indiana, by Dr. Olive, and I have 
myself found it growing on the algal scum covering wet boards 
of a mill race in Weston, Mass. Zukal also reports this species 
from Austria. 

CHONDROMYCES SERPENS Thaxter is reported by Zukal from 
Austria, and I have myself recently found it again growing on 
an old dung cuiture. 

CHONDROMYCES APICULATUS Thaxter, or what appeared at the 
time identical with this species, was found by me more than once 
during my stay in Florida a few years since, but as my prepara- 
tions have been unfortunately lost or destroyed, I am unable to 
make sure of the accuracy of this determination. It has also 


been obtained on deer dung from the Philippine Islands. 


EXPLANATION OF PLATES XXVI AND XXVII. 
PLATE NNVI.—Chondromyces catenulatus Thaxter. 

FiG. 1. Pseudoplasmodium rising to form pS@udofructification. A+ 4. 

Fic. 2. A young pseudofructification in which the elongating ultimate 
rod-masses are beginning to branch before cyst formation. A+ 4. 

Fic. 3. An older stage in which cyst formation is almost completed. 
A+ 4. 

Fic. 4. A small chain of maturecysts. D+ 4 


Fic. 5. Rods from rising mass. Leitz 44, 01 t 
PLATE XNVI,—Chondromyces pediculatus Thaxter. 
Fic. 6. Pseudofructification grown in saturated atmosphere, the sub- 
cylindrical cysts in process of formation. A+ 4. 
Fic. 7. Normal form in which cysts are forming, the cyst and pedicel 
already differentiated. A+ 4. 
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Fics. 8,9. Normal forms with cysts nearly mature. A+ 4. 
Fic. 10. Rods from rising mass. Leitz +}; oil +4. 
FIG. 11, Somewhat elongated cysts with shorter pedicel. D+ 4. 
Fics. 12,13. Normal cysts. D+ 4. 
PLATE XXVI1,—Chondromyces sessilis Thaxter, 
Fic. 14. Rosette of cysts seen from above. D+ 4. 
F1G. 15. Rosette seen from below. A+ 4. 
PLATE XXV11,.—Chondromyces muscorum Thaxter. 
Fics. 16, 17. Habit of mature cysts on hepatic leaves. A+ 4. 
Fic. 18. Rods of rising mass. Leitz '; oil + 4. 
PLATE XXVI1,—Myxococcus disctformts Thaxter, 

F1G. 19. Group of cysts on Sphagnum leaf, two showing Myxococcus-like 
appearance of immature condition. D+ 4. 

FiG. 20. Masses of cysts formed on an old perithecium of Sordaria, the 
luirrow ones seen edgewise. A+ 4. 

Fic. 21. Rods. Leitz -}; oil + 4. 

PLATE XXVII.—Polyangium sorediatum TVhaxter. 

Fic. 22. General habit of large cyst sorus. A+ 4. 

FIG, 23. Isolated cysts, two cohering. Apoch. water + 4. 

Fic. 24. Rods in rising mass. Leitz -4y +- 4. 

PLATE XXNVI1.—Polyangtum septatum Thaxter, 

Fic. 25. General habit of mature sori, with a rising rod-mass. A+ 4. 
FiG. 26. Small sorus enlarged. D+ 4. 
FiG. 27. Fivecysts of various form. Apoch. water-+ 4. 
Fic. 28. Rods from rising rod-mass. Leitz 4); oil + 4. 

PLATE XN XVIUI.—Polyangium compositum Thaxter 

F1iG. 29. Sorus of four primary cysts. D+ 2. 

Fic. 30. Portion of margin of a broken primary cyst, showing secondary 
cysts, two of which are separate. D+ 4. 

NotTe.— The figures were drawn with camera, the combinations of eye- 
pieces and objectives used being indicated in each case. Unless otherwise 


indicated, Zeiss objectives were used. The original drawings are reduced 


about one-fourth. 
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UNDESCRIBED PLANTS FROM GUATEMALA AND 
OTHER CENTRAL AMERICAN REPUBLICS. XXVI.! 








JOHN DONNELL SMITH. 


Robinsonella edentula Rose et Donn. Sm.—Folia supra spar- 
sim, subtus molliter, stellato-pubescentia circumscriptione sub- 
orbicularia sinu profundo vix lato cordata leviter trilobata, lobis 
acutis obtusis vel rotundatis integris vel obscure denticulatis. 
Paniculae axillares floribundae, pedicellis gracilibus prope apicem 
articulatis simul pilosis et stellato-pubescentibus. Tubus stami- 
nalis brevissimus. Carpellae parvae obtusae tenues reticulatae. 

Arborescens, ramis inflorescentiis alabastris  stellulato-pubescentibus. 
Folia 6-10 longa. Pedicelli 8-16™" longi. Corolla violacea 2°" diam. 
Carpellae maturae 7™" longae. A. divergenti Baker f. et Rose proxima 
differt ramis minus dense pubescentibus, foliis margine integris vel undulatis, 
pedicellis pilosis, tubo staminali breviore, ovariis sparsius pubescentibus, car- 
pellis multo minoribus. 

Cobin, Depart. Alta Verapaz, Guat., alt. 1300", Nov. 1902, /. von 
Tuerckheim, n. 8382 ex Pl. Guat. &c., quas ed. Donn. Sm. 

Hoffmannia arborescens Donn. Sm.—- Folia glabra subcoriacea 
oblanceolato-elliptica acuminata in petiolum brevissimum longe 
attenuata. Cymae fasciculatae majusculae multiflorae fusco- 
pubescentes, bracteis foliaceis. Calycis tubus tetragonus, limbus 
triangulari-dentatus. Corolla calyce 3-plo longior usque ad 
medium paene fissa, tubo tetragono late cylindrico faucibus 
ampliato, lobis concavis incurvo-suberectis. Antherae late 
oblongae. Ovarium biloculare, stigmate globoso. 

Arbuscula ( Zoaduz in sched.), ramulis superne quadrangularibus. Folia 


15-19‘™ longa, 3.5-5.5°™ lata subtus pallida, nervis lateralibus utrinque 8-9, 
venis immersis, petiolis 3-5™™" longis, stipulis deciduis. Cymae 2-3.5‘™ 
longae, bracteis 1°" longis deciduis, pedicellis calycem subaequantibus, flori- 
bus pubescentibus 4-meris. Corolla carnulosa 12" longa pallide rosea 
(Zonduz in sched.), tubo 2™™ crasso, lobis oblongo-ovatis. Antherae 4” 
longae obtusae, filamentis 1™™" longis. Discus annularis. Stylus g"™ longus. 
Bacca ignota.— //. tetrastigmati Donn. Sm. inflorescentia affinis foliis glabris, 
ovario biloculari, stigmate globoso praesertim differt. 

‘Continued from Bor. GAZ. 37:214. 1904. 
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In silvis ad Santa Rosa, Copey, Cost., alt. 1800", Apr. 1898, Zondus, 
n. 8121 ex Pl. Guat, &c., quas ed. Donn. Sm. (N. 12230 herb. nat. Cost.) 


Coussarea impetiolaris Donn. Sm.—Folia subsessilia nitida 
obovato-elliptica vel-oblonga cuspidato-acuminata, basi ipsa 
angustissima rotundata. Paniculae pubescentes contractae, ramis 
paucis simplicibus apice subcapitulifloris. Calycis limbus cupu- 
laris sinuato-dentatus tubo bis longior. Corollae tubus tenuiter 
cylindricus lobos lineares bis superans. Antherae tenuissime 
lineares. Bacca ellipsoidea compressa. 

Arbuscula, ramulis subquadrangularibus verrucosis. Folia membranaceo- 
coriacea 13-16°™ longa medio 5-6.5°", basi 4-5™™", lata, nervis lateralibus 
1.5-2°" inter se distantibus, venis reticulatis, petiolis 2-3™" longis, stipulis 
vix connatis rotundatis mucrunculatis 4™™" longis. Pedunculi terminales bini 
3-4 longi supra medium foliis 2 circiter 6—8™ longis instructi. Paniculae 
floriferae axis g-11 ™™ longus, rami utrinsecus 2 oppositi et terminalis 4-7"™ 
longi, pedicelli vix ulli, bracteolae 0.5™" longae, flores 3-—5-subglomerati 
pubescentes suaveolentes. Calyx 4.5™™ longus, tubo obconico, Corolla alba 
tomentulosa 26-28™™ longa, tubo vix 2™" crasso, lobis alabastrum tetrago- 
num tubo vix latius formantibus. Stamina paulo supra medium tubi inserta, 
filamentis 3™™ longis, antheris subinclusis 8™" longis vix 0.5™™ latis ad + 
altitudinis fixis. Discus breviter cylindricus. Ovarium 1-loculare, ovulis 
dissepimento rudimentario connatis, stylo stigmatibus linearibus 2.5 '™ 
longis adjectis 12™" longo. Bacca ochracea verrucosa 1g™" longa 8™" 
lata utrinque obtusiuscula, semine obovato-orbiculari 1°" longo, pericarpio 
Carnoso. 

La Colombiana, Llanuras de Santa Clara, Cost., alt. 200", Jun. 1899, 
Pittier, n. 7582 ex Pl. Guat. &c., quas ed. Donn, Sm, (N. 13408 herb. nat. 
Cost. } 


Neurolaena cobanensis Greenman.—Herba robusta circiter 2™ 
alta. Folia lanceolata utrinque attenuata acuta. Inflorescentia 
corymboso-cymosa composita polycephala. 

Caulis teres striatus puberulus purpureus, Folia 1-3"" longa 1.5-4°™ lata 
indivisa vel rarius subinciso-trilobata mucronato-denticulata supra atroviridia 
et parce hirto-puberula vel denique subglabrata subtus pallidiora et praesertim 
ad costam nervosque minutissime pubescentia. Inflorescentia polycephala 
corymboso-cymosa ramoisissima, pedunculis usque ad 2.5 longis gracilibus 
adpresse puberulis. Capitula heterogama 8-10™™ longa radiata. Involucrum 
campanulatum 6-7™" altum, bracteis imbricatis circiter 4-seriatis angustato- 
ovatis vel oblongo-lanceolatis acutis vel obtusis ciliolatis adpresse puberulis 


vel subglabris. Flosculi liguliferi feminei 8-10, ligulis flavibus circa 0.5°™ 


longibus. Flosculi disci hermaphroditi 20-25, acheniis glabris.— Species 
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N. macrophyllae Greenm. affinis, differt foliis angustioribus, inflorescentia 
ramosiore, Capitulis radiatis et brevioribus, 

Coban, Depart. Alta Verapaz, Guat., alt. 1350™ Feb. 1903, von Tuerck- 
heim, n. 8414 ex PI. Guat. &c., quas ed. Donn. Sm. 


Senecio calyculatus Greenman (SSrrREPTOTHAMNI Greenm. ).— 
Folia alterna’ petiolata’ subsecunda elliptico-lanceolata vel 
elliptico-obovata breviter acuminata acuta integra basi cuneata 
subcoriacea. Inflorescentia albo-tomentosa subcorymboso- vel 
paniculato- cymosa polycephala. Capitula discoidea. 

Caulis scandens lignosus, ramis striato-angulosis primo tomentosis denique 
glabrescentibus. Folia 3-6 longa 1.5-3°™ lata plerumque breviter acumi- 
nata utrinque glaberima, costa subtus prominente, nervis lateralibus utrinque 
}~5 subtus conspicuis, marginibus revolutis, Capitula homogama 8-9" alta. 
Flosculi circiter 10. Involucrum calyculatum, bracteolis 5-6 spathulatis 
lanato-tomentosis conspicuis, involucri veri campanulati bracteis plerumque 
8 parce tomentulosis, Achenia glabra. 

Volcan Turrialba, Cost., alt. 2700", Jan. 1899, 47. Pittier, n. 7503 ex Pl. 
Guat. &c., quas ed. Donn. Sm. (n. 13242 herb. nat. Cost.), 


Senecio petasioides Greenman (SPALMATINERVII Hoffm.). 
Frutex erectus. Folia alterna petiolata subrotundata palmati- 
nervia plerumque cordata. Inflorescentia terminalis paniculata 
polycephala. 

Caulis primo ferrugineo-tomentosus denique plus minusve glabratus saepe 
verrucoso-papillosus. Folia subrotundata 3.5—15‘™ longa et lata 7—11-sinuato- 
lobata plerumque cordata mucronato-denticulata supra primo dense pubes- 
centia denique aliquid hirtella, Capitula heterogama 12-14" alta radiata. 
Involucrum campanulatum calyculatum, bracteolis paucis subsetaceis, invo- 
lucri veri bracteis oblongis vel lanceolato-oblongis circa 7™ > longis obtusis 
minute et dense glanduloso-hirtellis vel aliquid granulosis. Flosculi liguliferi 
feminei plerumque 6, ligulis oblongis 4-nerviis flavis. Flosculi disci 10-12 
hermaphroditi, Achenia striato-costata glabra.— Monogr. Senecio I. Th. 26. 
1901; Engler Bot. Jahrb. 32: 22. 1g02.--Species S. Petasiti DC. Mexicano 
proxime affinis, differt involucri bracteis glanduloso-hirtellis (nec subhirsutis) 
et quam flores multo brevioribus &c. 

Chucaneb, Depart. Alta Verapaz, Guat., alt. 1825 Apr. 1889, J. Donnell 
Smith, n. 1609 ex Pl. Guat. &c.. quas ed. Donn. Sm.—Guatemala, Depart. 
Guatemala, alt. 1500™ Febr. 1890, /. Donnell Smith, n. 2358 ex Pl. Guat. &c., 
quas ed, Donn. Sm.—Ceneguilla, Depart. Santa Rosa, Guat., alt. 1220' 
Feb. 1892, /leyde et Lux, n. 4522 (typo) Pl. Guat. &c., quas ed. Donn. Sm. 
Volcan Fuego, Depart. Zacatepéquez. Guat., alt. 1515™ Mart. 1892, /. Don- 


nell Smith, n. 2870 ex Pl, Guat., &c., quas ed. Donn. Sm.—Chichén, Depart. 
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Alta Verapaz, Guat., alt. 1600™ Jun. 1903, von Tuerckheim, n. 8411 ex Pl. 
Guat., &c., quas ed. Donn. Sm. 

Cavendishia longiflora Donn. Sm.— Ramuli trigoni cum foliis 
petiolis corollis pilosi. Folia oblongo-elliptica caudato-acumi- 
nata basi leviter cordata 5—7-plinervia supra insculpto-subtus 
prominulo-reticulata. Racemus terminalis et ex axillis superiori- 
bus ortus, perulis squamiformibus, floribus longissimis. Calyx 
glaber, limbo campanulato. Stamina aequilonga, antheris paulo 
inaequilongis, filamentis brevibus, alternis brevissimis. 

Folia crasso-coriacea supra sparsim subtus densius pilosa 11-21°™ longa 
4-9°" lata, nervis intimis paulo supra basin folii progredientibus apicem 
attingentibus, petiolis 5-12™" longis. Racemus solitarius, perulis parvis 
coriaceis haud coloratis, rhachi 6-8 longa glabra angulata, bracteis glabris 
oblongo-obovatis 3.5-5°™ longis, pedicellis 1o-14™™ longis. Calyx g™" altus, 
tubo angulato basi intruso supra ovarium constricto, limbo tubum bis super- 
ante, dentibus deltoideis 1.5™" longis coloratis. Corolla rosea graciliter 
cylindrica 33™" longa dense pilosa, dentibus deltoideis 1.5™™ longis erectis 
margine involuto purpureis. Antherarum majorum 28"™" longarum loculi 
11™™ longi, filamenta 3™™" longa, minorum 23™" longarum loculi g™™ longi, 
filamenta 8™" longa, Stigma exsertum, Bacca ignota.—Species bracteis 
floribusque generis adhuc noti maximis insignis ad C. ca//istam Donn. Sm. 
calycis indole accedit, differt autem inter alia indumento foliis  perulis 
staminibus. 

Alto de La Palma, Prov. San José, Cost., alt. 1700" Aug. 1898, Zomduz, 
n. 7391 ex Pl. Guat., &c., quas ed. Donn. Sm. (n. 12486 herb. nat. Cost.). 
(Sub C. ca//ista Donn. Sm. olim distributa). 


Solanum amatitlanense Coult. et Donn. Sm. (SLopbanrues 
Dun. ).— Fruticulus simplex pilosus. Folia gemina, altero nano 
orbiculari-ovato, altero inaequilateraliter lanceolato-oblongo 
utrinque acuminato. Pedicelli 1-5-ni. Calycis tubus hemis- 
phericus truncatus, segmentis 10 filiformibus, Corolla partita, 

Inerme. Caulis e rhizomate prostrato ascendens 2.5-3.5°" altus. Folia 
herbacea utrinque setuloso-pilosa, minore sessili 6-14™" longo, majore 8-20°™ 
longo ad medium 2-5.5‘™ lato, apice subfalcato acutissimo, basi obliqua acuta, 
nervis lateralibus utrinsecus 12-15, petiolis 5—-10™™" longis. Pedicelli 
plerumque 3—4-ni 6-12™™ longi et calyx pilis patentibus conspersi. Calycis 
tubus 2™™ altus 10-costatus segmenta subaequans. Corolla flava g™™ longa, 
segmentis lanceolatis tubo 3-plo longioribus extus pilosellis. Stamina 4.5™™ 
longa, antheris conniventibus lanceolatis filamenta applanata bis superantibus, 


poris orbicularibus minutis. Pistillum stamina aequans. Bacca globosa 6" 


diam. aurantiacea, seminibus cuneatis scrobiculatis 1™™" longis. 
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Barranca de Eminencia, Depart. Amatitlan, Guat., alt. 1200™ Febr. 1892, 
J. Donnell Smith, n. 1457 ex Pl. Guat., &c., quas ed. Donn. Sm.— In truncis 
prostratis putridis ad Cubilquitz, Depart. Alta Verapaz, Guat., alt. 350™ von 
Tuerckheim, Jul. 1901, Febr. 1903, nn. 7753 et 8488 ex Pl. Guat., &c., quas 
ed. Donn. Sm.—(Sub S. Amatitdanensi Coulter ined. olim distributa). 

Solanum arrazolense Coult. et Donn. Sm. (§ GonIANTHES Dun.) 
—Pubescens. Folia gemina lanccolato-elliptica vel-oblonga sur- 
sum longiuscule, basi brevius, acuminata. Pedicelli axillares 
numerosi floribus subaequilongi. Calyx infra apicem membra- 
naceum inaequaliter 10-denticulatus. Stamina 4 filamentum 
staminis quinti aequantia. 

Fruticulus metralis inermis dichotomo-ramosus, ramis_ subflexuosis. 
Folia utrinque appresso-pubescentia, majoribus 6.5—9.5°™ longis 2.5—-4°™ latis, 
altero subduplo minore, petiolis 8-12™™" longis. Pedicelli 4-12—m1 10-14" 


longi. Calyx 3.5™™ altus, denticulis crasso-subulatis, alternis 3-plo majoribus 


} 





Ls longis. Corolla angulato-plicata 12™" longa, radiis extus pubescenti- 
bus. Antherae cylindricae 2.5™" longae, poris orbicularibus, filamentis 4 
brevioribus 1™" longis. Pistillum corolla paulo brevius. Bacca immatura 


globosa. 
Arrazola, Depart. Guatemala, Guat., alt. 1600”, Apr. 1893, Heyvde et Lux, 
n. 4736 ex Pl. Guat. &c., quas ed. Donn. Sm.-—(Sub S. Arrazolensi Coulter 


ined, olim distributum.) 


Solanum mazatenangense Coult. et Donn. Sm. (§ MoGENno- 
pLuM Dun.)—Aculeatum giabrum. Folia plerumque singula longe 
petiolata elliptica vel oblongo-ovata cuspidato-acuminata ima 
basi cuneata integra vel pinnatipartita et pinnatisecta. Racemi 
elongati in corymbum terminalem dichotomum dispositi. Stamina 
inaequalia calyce dimidio longiora corollae angulato-plicatae 
dimidium aequantia. Ovarium pyramidale. 

Fruticosum scandens ramosum, aculeis parvis recurvis in ramulis inflores- 
centlisque parcis. Folia subcoriacea nitida, superioribus integris g—16°™ 
longis 4-8" latis, inferiorum segmentis utrinque I-3 circiter 3-5 “ longis 
2-3°™ latis terminali minoribus, inferioribus basi contracta ovatis, costa sub- 
tus aculeata, petiolis 4-8°" longis aculeatis. Pedunculus 4-6" longus, 
racemis primum suberecti denique divaricatis 6-15" longis apice recurvatis 
secundifloris, pedicellis 1-1.5‘™ longis, floribus plerumque pistillo rudimen- 
rario 3™" longo sterilibus, fertilibus minoribus. Calyx 7-8™" altus, lobis 


rotundatis 4-5" longis cuspidatis. Corolla 4~4.5°" diam. caerulea angulis 
mucronatis, sinibus arcuatis. Antherae lineares 1°" longae, rimis anticis dein 
lateralibus, filamento quinto 3.5™" lougo ceteris bis longiore, Ovarium stylo 


adjecto stamina paulo superans. Baccae haud suppetunt. 
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Escuintla, Depart. Escuintla, Guat., alt. 440", Apr. 1890, J. Donnell 
Smith, n, 2263 ex Pl. Guat. &c., quas ed. Donn. Sm.—Santa Barbara, Depart. 
Solola, Guat., alt. 410™, Aug. 1891, W. C. Shannon, n. 618 ex Pl. Guat. &c.,, 
quas ed. Donn. Sm.-—Las Animas Depart. Suchitepéquez, Guat., alt. 200™, 
Sept. 1891, IV. C. Shannon, n, 624 ex Pl. Guat. &c., quas. ed. Donn. Sm. 
Embaulada, Depart. Zacatepéquez, Guat., alt. 1400", Nov. 1891, //eyde et 
Lux, n. $735 ex Pl. Guat. &c., quas ed. Donn. Sm.—- San Felipe, Depart. 
Retalhuleu, Guat., alt. 620", Apr. 1892, /. Donnell Smith, n. 2669 ex P|. Guat., 
&c., quas, ed. Donn. Sm.— Arrazola, Depart. Guatemala, Guat., alt. 1600", 
Maj. 1892, Heyde et Lux, n. 3442 ex Pl. Guat. &c., quas ed. Donn. Sm. 
(Sub S Jazatenangensi Coult. ined. olim distributa.) 

Solanum quichense Coult. et Donn. Sm. (§ GonlANTHEs Dun.) 

Folia glabrescentia gemina disparia lanceolato-rhomboidea 
vel-elliptica utrinque acuminata. Pedunculi axillares singuli vel 
bini foliis breviores, floribus cernuis. Calycis puberuli laciniae 
10 lineares ad basin membrana pellucida junctae, alternis majori- 
bus tubo bis longioribus. Stamina aequalia, antheris quam fila- 
menta 3-plo fere longioribus, rimis anticis. 

Frutex orgyalis inermis, ramis dichotomis, novellis pubescentibus. Folia 
nascentia pilosiuscula, adulta supra sparsissime pilosiuscula subtus glabra, 
inferioribus elongato-rhomboideis circiter 13°" longis et 5.5‘ latis, superiori 


bus lanceolato-ellipticis 7—9°" longis 2.5—3.5°™" latis, petiolis pubescentibus 


8-15™™" longis. Pedunculi pubescentes plerumque solitarii 3-6‘" longi apice 
incrassati. Calyx 1o-costatus 6-8™™" altus. Corolla angulato-plicata 3—3.5‘" 
lata extus pulverulenta, Antherae lanceolato-oblongae 5.5" longae, fila- 


mentis deorsum dilatatis. Pistillum stamina paulo superans. Bacca globosa 
g™" diam.,seminibus obdeltoideis 3" longis laevibus.—.S. Az/ostusculo Mart. 
et Gal. ex char, proximum.—Chiul, Depart. Quiché, Guat., alt. 2400™, Apr. 
1892, Heyde et Lux, n. 3450 ex Pl. Guat., &c., quas et. Donn. Sm.— (Sub S. 
Ouitchensi Coulter ined. olim distributum.) 

Louteridium costaricense Radlk. et Donn. Sm.—Omnibus in 
partibus glabrum. Folia oblongo-elliptica caudato-acuminata 
basi acuta vel in petiolum angustata integra, nervis lateralibus 
utrinsecus 6-8. Calycis segmenta reticulato-venosa oblonga 
pedicellis medio exarticulatis longiora. Corolla gibboso-ventri- 
cosa altior quam latior calycem vix superans, tubo vix ullo. 
Filamenta basi glabra. 


Frutex, ut videtur. Folia petiolo circa 6 longo adjecto 28-31" 


longa membranacea concoloria, cystolithis subulatis rectis vel curvatis in 


diachymatis (nec epidermidis) cellulis nidulantilus, ut et in Z. Donnel/-Smithit 
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S. Wats. (et in perpaucis aliis Acanthaceis teste Hobein in Engl. Bot Jahrb. 
5.438, de quarecl. Lindau quoque refert in Engl. et Pax Nat, Pflanzenfam. 
IV. 38. 277 sub lit. A), nervis lateralibus angulo circa 45° a costa abeuntibus 
1.5-2.5°" inter se distantibus. Cyma pedunculo circa 15°" longo adjecto 
folia aequans vel superans laxiflora, bracteis bracteolisque persistentibus 
lanceolato-ovatis 6-g™" longis, pedicellis 2-3.5°" longis. Calycis segmenta 
tria libera acutiuscula herbacea cystolithis farcta, posticum e sepalis 3 conna- 
tum carinatum 4.3°" longum 1.3%" latum anticis paulo longius atque latius. 
Corollae flavidae in alabastro convolutae tubus 3"™ longus, lobi 5 (in exemplis 
suppetentibus non satisperfecti). Genitalia exserta. Stamina 2, filamentis 
basi membranaceo-dilatatis, antherarum usque ad medium bifidarum loculis 
parallelis aequalibus 1°" longis, granulis pollinis omnino ut in Z. Donned/- 
Smitthit S, Wats. (cf. et Lindau Z7. ¢. 282, fg, 777 A. 295). Ovarium in disco 
crasso sessile 8™" longum pluri-ovulatum, stylo filiformi apice bifido. Cap- 
sula ignota. 

In silvis prope Las Vueltas, Tucurrique, Cost., alt. goo-1o00™, Mart. 1899, 
Tonduz, n, 8123 ex Pl. Guat, &c., quas ed, Donn. Sm. (n. 13036 herb, nat. 


Cost.) 


PreRIS LONGIFOLIA L., var. angusta Christ.— Rhachi pilis 
densis albidis rigidulis patentibus obtecta; pinnis, praesertim eis 
frondis fertilis, angustissimis. 

Cubilquitz, Depart. Alta Verapaz, Guat., alt. 350™, Jan. 1902, von Tuerck- 


heim, n. 83448. ex Pl. Guat., &c., quas. ed. Donn. Sm. 


BALTIMORE, 








ARE PLANTS OF SEA BEACHES AND DUNES TRUE 
HALOPHYTES?! 


THOMAS H. KEARNEY. 


Ir seems to be generally implied, and in some cases expressly 
stated, by writers on ecological plant geography that the sands 
of the seashore, even at some distance above high tide, are 
impregnated with sodium chlorid and other readily soluble salts 
in quantity sufficient to determine the character of the vegetation. 
Thus, Contejean’ gives the reader the impression that his second 
zone of strand vegetation in southwestern France, that of the beach 
proper, flourishes in a saline soil. Warming writes: “The vege- 
tation of the sand strand... . is a halophytic vegetation, 
because sand along the sea contains salt and the salty ground 
4 


water comes close to the surface.” Schimper,’ describing the 


’ 


‘“Barringtonia formation” of trees and shrubs that occupies the 
higher beaches in tropical Asia and is separated from the high 
tide limit by a strip of bare sand devoid of vegetation, states: 
“It is the salt content of the soil which | here], as in the man- 
grove { formation | has called forth the most varied means of 
protection against transpiration. To the same factor is perhaps 
to be ascribed the rarity of thick [stemmed] lianas, growths 
which only flourish when the conditions for water-absorption are 
most favorable.” Again, in his Pfanzengeographie (p. 688), he 
writes: ‘‘The cliffs | along the seashore | possess a less distinctly 
halophytic flora than the sandy and especially the marshy 
strand’’—clearly implying his belief that the sand strand isa 
halophytic environment. 

On the other hand, Massart,> who has investigated the vege- 
tation of the Belgian strand, quotes an analysis of dune sand, 

™ Published by permission of the Secretary of Agriculture. 

2 Géographie Botanique 56, 60. 1881. 

3 Oekologische Pflanzengeographie 304. 1896. 

4 Indomalayische Strandflora 68, 73. 1891. 


5 Bull. Soc. Roy. Bot. Belg. 32':—. 1893. (Mém. p. 8). 
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giving only 0.02 parts of matter soluble in water in 100 parts of 
soil, and remarks: ‘It is therefore erroneously that the soil of the 
dunes is often considered as strongly impregnated with lime and 
with sodium chlorid. This opinion is justified only in the case 


| of dunes | nearest the beach 


of the seaward slope of the line 
and for the little valleys that penetrate it; hither the wind con- 
stantly carries the spray from the waves and fragments of shells, 
which it piles up on the strand. But as one goes farther from the 
sea, one encounters no lunger anything but pure sand; what sea 
salt is carried so far is quickly washed out; the débris of shells is 
disintegrated and dissolved by carbon dioxid; and the calcium 
carbonate, in turn, is carried away by rainwater. Thanks to 
the sandy character of the soil, this filters rapidly downward.” 

While at Woods Hole, on the coast of Massachusetts, last 
July, it occurred to the writer to make a number of tests for sol- 
uble salts in the sands of the dunes and the beach, as well as in 
soils that are under water at high tide and bear a typical salt 
marsh vegetation. In September of the same year an oppor- 
tunity offered to examine the sands of Long Beach, near Los 
Angeles, California. As a considerable difference was noted 
between the results obtained at Woods Hole and at Long Beach, 
a trip was made early in December to the neighborhood of Nor- 
folk, Virginia, where soils of the dunes, the beach, and the salt 
marsh were examined. 

In all cases the salt content of the soil was determined by the 
method employed in the Bureau of Soils of the U.S. Depart- 
ment of Agriculture and extensively applied by the bureau in its 
investigations of saline soils in the arid parts of the United 
States.° By means of an auger having a screw-diameter of 4°™ 
and a shaft of any length desired, marked at intervals of 3°", 
borings are made into the soil, which is brought up on the thread of 
the screw. Each 3%" of soil is separately examined. After being 
thoroughly mixed, distilled water is added to the soil in quantity 
sufficient to saturate it. A cell of determined capacity is then 

A full description of this method is given in “Instruction to field parties,” 


Bureau of Soils (1903). The apparatus used is described in Bull. 15, Division of 
Soils. 
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filled with the saturated soil and the electrical resistance is taken 
by means of the Wheatstone electrolytic bridge. Correction is 
then made for temperature, 15.5° C. being taken as the standard. 
A further correction for soil texture is made. By a simple cal- 
culation the percentage by weight of water-soluble salts to soil 
can then be determined from the electrical resistance in ohms of 
the soil solution. Hundreds of determinations have been made 
by the Bureau of Soils in which both the electrolytic method and 
the method of chemical analysis have been applied to the same 
sample of soil, in order to determine its content of salts readily 
soluble in water; and these have demonstrated that the former 
method is sufficiently accurate for all purposes of the present 
inquiry.” 

First of all let us consider the salt marsh soils, which are 
inundated at every high tide. Two borings in such soil were 
made on the Massachusetts coast, the first to a depth of 6% in 
coarse gravelly sand, standing water being reached at 4—5°™. 
The boring was made amid a luxuriant growth of Salicornia her- 
bacea, with some Statice Limonium caroliniana; while Distichlis 
spicata and Suaeda maritima occurred near by. Here the first 3°" 
contained 1.5, and the second 1.4 per cent. of salt. The second 
boring was taken about 8“™ farther from the shore. Here stand- 
ing water appeared at a depth of 2-3", precluding carrying the 
boring any deeper, and the coarse sand was mixed with some 
silt and considerable vegetable matter. The vegetation consisted 
of Spartina stricta glabra and a species of Fucus, with Salicornia 
herbacea, the latter smaller and less abundant than where the 
first sample was taken. Salt was present to the extent of 2.6 
per cent. Near Norfolk, Virginia, a 6°" boring was made in a 
narrow strip of marsh bordering a tidal inlet amid a fine growth 
of Spartina stricta glabra. The soil was a yellow sandy loam to a 
depth of about 4“™, below that a blue clay, standing water being 
reached in the’second 3°". Only 0.32 per cent. of salt was found 
here in the first 3°", and 0.29 per cent. in the second, although 


7A sample of salt marsh soil collected in the course of this investigation showed 


by the electrolytic method the presence of 0.30 and by chemical analysis 0,27 per 


cent. of soluble salts. 
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this spot is under water every day at high tide.* The lateness 
of the season (December 2), and consequently reduced evapora- 
tion from the soil when exposed at ebb tide, may partly account 
for the unexpectedly small amount of salt found. Otherwise we 
must admit a very wide range of salt content in the soil of salt 
marshes on the same coast, only a few hundred miles apart, 
since on the Massachusetts coast, all other conditions being 
quite similar, more than eight times as much salt occurred in the 
surface 34", 

The results obtained on the Massachusetts coast are sufficient, 
nevertheless, to indicate that the soil of salt marshes is highly 
saline, at least during certain seasons of the year, and that the 
ecological peculiarities of their vegetation may safely be attrib- 
uted, in large part, to this factor. Yet, we may observe in 
passing, there are large tracts of land remote from the coast, 
in the arid parts of North America, which contain still greater 
amounts of soluble salts and bear a vegetation of even more pro- 
nouncedly halophytic character than the marshes of the Atlantic 
coast.’ 
| \ chemical analysis of this soil was obtained through the courtesy of Dr. F. K. 

Cameron of the Bureau of Soils, U.S. Department of Agriculture. The total con- 


tent of salts readily soluble in water in the sample analyzed was 0.27 per cent. (of 


total weight of soil), made up as follows: 
I. BASES AND ACIDS, 2. ¢ NVENTIONAL COMBINATIONS, 


Calcium trace Magnesium suliate 


Magnesium - 2.19 Potassium chlorid I 
Sodium - 27.73 Sodium chlorid .48 


Potassium 





Sulfions . 16.79 Sodium bicarbonate 


Chlorid 40. 


Carbonic acid , 


Thus a number of examinations of saline soils in southern Arizona showed that 
Suaeda Torreyana will grow in the presence of 3.5 per cent. of salt in the surface 


of the soil, and of an average for the upper 9 


+ 
S 


ermicularts, where an equal amount occurs; Adlenrolfea (Sptrostachys cidentalis in 


the presence of 3.1 per cent. in the surface 3", an average of 2.7 per cent. in the first 


y’m and an average of 0.75 per cent. in the first 18°"; Adriplex lentiformis where 
3.3 per cent. of salt in the surface 3°", and an average of 1.6 per cent. in the first 
Q occurs. In the San Joaquin Valley, in central California, ‘salt grass” (Dzes- 

hlis spicata), a rather shallow-rooting plant, grows vigorously in the presence of 3.3 


per cent. of soluble salts in the surface 3 of the soil. 
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Turning now to the beach and dune sands the results are tab- 
ulated for convenient reference as follows: 





Salt content (in percentages of soil) at 
various depths 





Locality | Situation where sample was taken 
| o-3 dm 4-6dm 7-9dm 
Woods Hole,Mass.| Dune marsh OPG0E!” fo cases | aes 
= - Inner dune 0.003 ee ee ee 
: Beach, outer limit vegetation 0.006 C008 3S vans 
i “| Beach near outer limit vege- | 
tation Opes | cecae | Maan : 
Norfolk, Va. Low dune, inside outermost 0.004 0.004 0.007 
sg oe | Break in outermost line dunes 0.03 0.02 0.02 
- Beach, outer limit vegetation 0.003 0.009 0.006 
i . Beach, outer limit vegetation 0.004 0.003 0.003 
Long Beach, Calif.| Beach, near outer limit veg. 0.14 Oe ob Vcesex 
a = a ss 0.12 Ost2 1 aves 
- =. - " 0.13 Ske | anes 
; 2 4 - : 0.13 O06: | inSsz 
5 ie y ‘ 0.15 Gai2. 7 Acca 





It is evident that we have here a condition as regards salt 
content of the soil quite different from that prevailing in the salt 
marshes. In order to a proper interpretation of these results 
some details of the examinations which yielded them must be 
given. On the Massachusetts coast a small ‘‘dune marsh,” a 
level expanse among the dunes, covered with a thick carpet of 
vegetation—Utncularia cornuta, Oxycoccus macrocarpus, Drosera 
intermedia, Lycopodium inundatum—was first examined. Herea 
3°" boring into the coarse moist sand, of which the uppermost 
3-6°" contained a little vegetable matter, revealed the presence 
of only about 0.003 per cent. of salt. But in view of the 
character of the vegetation no considerable amount of salt 
was expected here. 

An examination of the dunes themselves was the next step in 
the investigation. A low dune, some distance inside the outer- 
most line of dunes, was selected for examination. Here the soil 
was a nearly pure coarse quartz sand, practically devoid of humus, 
and was quite moist immediately beneath the surface, as was 
found to be generally the case with the dune sands, as well as 
with those of the outer beach. This dune was covered with a 


growth of Ammophila arenaria and Hudsonia tomentosa. ‘The first 











a ea sie 
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3°" of soil taken here had an electrical resistance too high to be 
read with the instrument used, indicating an amount of soluble 
salt too small to warrant carrying the boring deeper. 

On the Virginia coast, a g*™ boring was made into a low dune, 
just inside the outermost line of dunes (that which forms the 
landward limit of the beach proper). Here again the soil was a 
nearly pure quartz sand containing merely a trace of vegetable 
matter. While moist very nearly to the surface, the sand at a 
depth of 6-99" had a considerably greater water content and was 
also decidedly coarser than that nearer the surface. The vegeta- 
tion consisted solely ofa showy grass, the ‘sea oats” (Uniola 
paniculata).*° Here the first 3°" of soil contained about 0.004 
per cent. of water-soluble salts, the second also about 0.004 per 
cent., and the third about 0.007 per cent. 

Another 9°" boring was made where a break occurred in the 
line of low outermost dunes, not far above the reach of the high- 
est tides (as was shown by the presence of much driftwood just 
beyond), but at least 6™ back from the actual limit of high tide 
at the time the boring was made. It was about 2™ nearer the 
beach than the boring just described. Here the vegetation con- 
sisted of Ammophila and Panicum amarum minus. The soil was 
a rather fine, nearly pure quartz sand, moderately moist in the 


> dm 


first 3°", quite moist below that depth. The salt content of the 
first 3°" was about 0.03 per cent., of the second about 0.02 per 
cent., and of the third also about 0.02 per cent. Hence, for the 

dm 
9 


of soil was here about five times as great as in the dune covered 


column of soil the proportion of soluble salts to total weight 


with Uniola. This large difference is not easy to explain, 
although a somewhat smaller salt content in the dune would 
naturally be expected, as it was higher above sea level and 
farther from the high tide line. 

It was of course anticipated that borings made on the beach 


'?An account of this grass, as well as of other plants mentioned here, is given by 
the writer in his papers on “The plant covering of Ocracoke Island,” Contrib. U.S. 
Nat. Herb. 5: 261-319. 1900, and on “A botanical survey of the Dismal Swamp 
yt 


the vegetation of the North Carolina and Virginia strand is presented in the papers 


region,” 7zbid, 321-550. 1901. A general ecological-geographical description 


cited. 
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proper, outside the outermost line of dunes, would reveal a 
greater salt content in the sand than was found in the boring just 
described, but such did not prove to be the case. On the Vir- 
ginia coast two borings, each to a depth of g“™, were made along 
the line marking the outermost limit of vegetation towards the 
waves, one only a few meters distant from the boring in the 
breach in the outermost line of dunes just described, the other 
within a quarter of a mile of the first. In both cases the soil was 
a rather coarse quartz sand, with traces of decaying vegetable 
matter, quite moist to within 2-3°" of the surface. The first 
boring was about 1.5™ outside the outermost line of dunes, and 
4-5™ above the limit reached by flood tide at the date of the 
examination. Small plants of Panicum amarum minus grew where 
the boring was made. Here the resistance given by the satura- 
ted soil indicated in the first 3°" about 0.003 per cent. of water- 
soluble salts, in the second about 0.009 per cent., and in the third 
about 0.006 per cent. Hence the percentage of salt in the 9*™ 
of sand was only about one-fourth as great as in the opening in 
the line of outermost dunes. It corresponds very closely, inex- 
plicable though the fact may appear, with that of the dune 
covered with Uniola, which was still farther from the waves than 
was the opening through the dunes. The second boring on the 
outer beach was made amid small plants of Amwmophila arenaria 
and Salsola Kali, about 5™ outside the outermost line of dunes 
and a considerable distance above the limit reached at that sea- 
son by flood tide. Here the electrical resistance of the saturated 
soil indicated about 0.004 per cent. of salts in the first 3°", 
about 0.003 per cent. in the second, and about 0.003 per cent. in 
the third. 

In the sands of the outer beach on the coast of Massachusetts 
two borings were made in July. The first sample for examina- 
tion was taken at the outer limit of vegetation, which in this 


case extended only abont 1™ beyond the seaward base of the 


low outermost dunes. <A luxuriant growth of Ammodenia 
(Arenaria) peploides occurred there, with Atiplex arenaria and 
Ammophila arenaria near by. The soil was a nearly pure quartz 


sand, moist as usual just below the surface. The boring was 
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made to a depth of 6%", the first 3°" giving an electrical resist- 
ance indicating about 0.006 per cent. of water-soluble salts, 
the second about 0.004 per cent. The results here were there- 
fore closely comparable with those of the two borings made in 
December on the outer beach in Virginia.™ 

The second boring on the Massachusetts beach was made to 
a depth of only 3‘™, on the outer limit of vegetation, at a point 
where a small tidal inlet crosses the beach. The coarse sand 
here contained considerable partially decayed vegetable matter 
(chiefly Zostera) and was nearly saturated with water. The 
vegetation consisted of numerous vigorous plants of Cakile 
americana, and a few plants each of Salsola Kal, Ammodenia 
peploides, Atriplex arenaria, Ammophila arenaria, and Nanthium sp. 
The electrical resistance of the water-saturated sand here indicated 
the presence of about 0.03 per cent. of salts—about six times as 
much as was found in the first 3°" of the preceding boring. 
This difference was doubtless due to the second boring having 
been taken at a point nearer the level of flood tide and quite 
close to the bank of a tidal inlet. 

All the beach and dune soils examined along the Atlantic 
coast of the United States contained a considerable amount of 
water at a slight depth below the surface, which is indeed a 
well-known peculiarity of such soils. The data just given make 
it sufficiently evident that this water does not come from the 
sea, unless we can assume that sea-water, moving through but a 
few meters of sand, will give up nearly all the soluble salts it 


normally contains.’? This assumption is @ prior? unlikely, and 


‘The remarkably small amounts of salts present in the dune and beach soils just 


described would indicate a deficiency of mineral plant food, in view of the fact that 
cultivated soils in the eastern United States usually contain at least 0.02 per cent. of 
matter soluble in water. Perhaps to such deticiency may partly be ascribed the habit 
of many strand plants, particularily grasses, of extending their stems or roots so 
extensively over or through the soil. ‘he necessity for feeding over the largest pos 
sible area of the sterile soil may cooperate with the necessity for the firmest possil 


foothold in the shifting, unstable sand in producing this habit of growth. 
A great number of samples of ocean water were taken on the Challenger 
Expedition. Of these a sample of surface water from near the latitude of Woods 


Hole (lat. 40°17’ N., long. 66 48’ W.) contained 3.287 parts per 100 of total solids, as 





estimated by Dittmar’s method from the chlorin content; while a sample of bott 
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we are justified in concluding that this water comes from the 
other direction, and represents an underground movement, toward 
the sea, of water that had fallen as rain upon the soil farther 
inland. If this be the case, we need not be surprised that the 
salt content of sea beach soils appears to be generally very small, 
notwithstanding that considerable amounts of sea salt are prob- 
ably at times deposited upon the beach by unusually high tides, 
and by spray from the waves. For in addition to this lateral 
movement of fresh water that drains from inland soils into the 
sea, the rain water that falls directly upon the beach and the 
dunes must cause a rapid leaching of soluble salts out of these 
coarse-textured soils, quickly carrying the salts to the depth at 
which the lateral flow of the soil water towards the sea is 
encountered. 

An examination of the salt content of beach sands on the 
Pacific coast of the United States affords data for an interesting 
comparision with conditions on the Atlantic coast, as just 
described. Five borings, each to a depth of 6%", and all within 
a few meters of one another, were made at Long Beach, near 
Los Angeles, California. Here, as is the case with a great part 
of the coast of California, the beach is but a narrow strip of 
sand, limited on the landward side by a line of perpendicular 
water from lat. 35°58’ N.,long. 70°35’ W. (hence somewhat north of the latitude of Cape 
Hatteras) contained 3.611 parts per 100 (Rep. Challenger Exp. 1:41, 43. 1884). Dr. 
Joseph S. Chamberlain determined the mean total solids in three samples of sea water 
taken at Woods Hole in July 1902 to be 3.206 parts per 100, using Dittmar’s method 
of calculating from the chlorin content. A sample taken at Woods Hole in April of 
the same year, analyzed by Dr. A. P. Saunders, gave 3.192 parts per 100. Dittmar 
(zdid., p. 203) found the composition of the solids in sea water, in various parts of the 
world and at different depths, to be remarkably uniform. ‘Taking the average of 77 
samples, his results in parts per 100 of total solids are as follows: 


Chlorin” - 


55.292 

Bromin : ° 5 0.288 
Sulfuric acid (SO,) - - . - . : 6.410 
Carbonic acid (CO,) - - - : - 0.152 
Lime (CaO) - - . - . . . 1.676 
Magnesia (MgO) - - - - - 6.209 
Potash (KO) - - - - - : . . 1.332 
Soda (Na,O) - - - - . . 41.234 
Basic oxygen equivalent to the halogens - . - —12.493 
100.000 





Ty eee ree 


f 
. 





t 
H 
4 
' 








1904] KEARNEY: PLANTS OF SEA BEACHES AND DUNES 433 


cliffs. Well-developed dunes are wanting. The soil is a nearly 
pure quartz sand, much finer than that examined on the coast of 
Massachusetts and of Virginia, and contained much less water at 
the time the examination was made than is usually the case on 
the Atlantic coast. The vegetation amid which the borings were 
made comprised Aédronia maritima—with round fleshy leaves and 
showy crimson flowers, /ranseria bipinnatifida, Distichlis spicata, 
the succulent glaucous Heliotropium Curassavicum, Suaeda sp. 
(perhaps S. Zorreyana), and Atriplex leucophylla. It is note- 
worthy that in three of these plants—Abronia, Heliotropium, 
and Suaeda—succulency is very highly developed. Heliotro- 
pium, Suaeda, and Distichlis are also characteristic plants of the 
highly saline soils of the interior of California. 

These borings at Long Beach showed a quite uniform salt 
content for the first 3°" of soil, ranging only from 0.12 to 0.15 
per cent. of water-soluble salts. Ata depth of 4-6 the differ- 
ences between the several borings were more pronounced, the 
maximum content being 0.13 per cent. and the minimum 0.02. 
The mean salt content, as indicated by the five borings, is about 
0.13 per cent. in the first 3°", and 0.09 per cent. in the second.’3 

13 A chemical analysis of this soil was obligingly furnished by Dr. Cameron. 
The total salt content for the upper 6°" of soil was found to be 0.22 per cent. in the 


sample examined. ‘The composition is as follows, each component being stated in 


percentages of the total amount of water-soluble salts in the soil : 


1. ACIDS AND BASES 2. CONVENTIONAL COMBINATIONS 
Calcium : - 2.72 Calcium sulfate ° - - - 9.09 
Magnesium 3.63 Magnesium sulfate : - 17.28 
Sodium - . . 20.91 Potassium chlorid - . - - 13.63 
Potassium 7.27 Sodium chlorid - - 41.82 
Sulfions (SO, 20.00 Sodium bicarbonate - - 18.18 
Chlorin - 31.84 

. . . 100. Oc 
Carbonic acid (HCOs : 13.63 
100.00 


Comparing this analysis with that of a salt marsh soil on p. 427, we note that 
magnesium, sodium, and potassium correspond pretty closely in both soils. As would 
be expected, the easily leached-out chlorids are relatively more abundant in the 
marsh than in the beach soil, while the converse holds true of sulfates,a considerable 
portion of which is doubtless the relatively insoluble calcium sulfate. It is interest- 
ing that while the marsh soil contains a mere trace of calcium (not determinable quan- 
titatively by ordinary methods), the beach sand contains a considerable amount of this 
base. ‘This difference may be accounted for by the fact that in the sea water, which is 
occasionally deposited on the beach by winds and very high tides, calcium carbonate 


is one of the first substances precipitated as the water evaporates, and is one of the 
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We have then a much higher content of soluble salts in the 
beach sands of the coast of southern California than in cor- 
responding situations on the Atlantic coast of the United States. 
The fact that the sand was much drier at Long Beach than in 
the localities examined in Massachusetts and Virginia gives us 
the clue for a probable explanation of this difference. In all 
likelihood, climatic differences between the two regions, especially 
as regards quantity and distribution of the rainfall, account for 
this marked difference in the salt content of the soils. Where 
the rainfall is slight, either throughout the year or at some one 
season, the concentration of the soil solution must correspond- 
ingly increase, for evaporation from the surface is constantly 
going forward. The same climatic conditions which cause the 
formation of extensive tracts of saline soil in the interior of con- 
tinents will, caeterts paribus, bring about a similar result along 
the coast. The mean annual rainfall at Los Angeles is 39.3 °™, 
and normally only 0.5°™ falls in that region between June I and 
September 30. At the time the results just described were 
obtained (September 29, 1903), only 1.12°™ of rain had fallen 
during the previous four months. 

At Norfolk, on the other hand, the mean annual rainfall is 
130.2°™, and during the four months from June I to September 
30, itis 52.05°™. Inthe two months preceding the date on which 
the soil samples above described were taken, 7. ¢., October and 
November 1903, 20.5°™ of rain fell. Furthermore, in the season 
of the year when the examination was made near Norfolk (De- 
cember 2), evaporation must be considerably reduced and the 
tendency towards a concentration of salts near the surface of 
the soil due to this cause, in conjunction with the capillary rise 
of water in the soil, must be considerably less than during the 
summer. However, the results obtained in midsummer on the 
coast of Massachusetts, where conditions as to rainfall are much 
like those on the Virginia coast, go to show that the concentra- 
last components to be leached out of the soil by subsequent rainfall. In salt marsh 
soils, on the other hand, the daily ebb and flow of the tide prevents any marked accu- 
mulation by evaporation of such calcium salts as are deposited. But the possibility 


that part, at least, of this calcium is carried into the beach sands from soils farther 


inland cannot be ignored, since California soils are often very rich in lime. 
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tion of the soil solution in beach sands of the Atlantic coast of 
the United States must be at all times considerably less than on 
the California coast. This is further confirmed by the character 
of the vegetation, which is more decidedly halophytic on the 
California than on the Atlantic coast. 

This brings us to the question which serves as the title for 
this paper. In the light of the investigations just described, are 
we justified in classifying the vegetation of sea beaches and 
dunes as halophytic ?"4 

If the soil is not saline, or but slightly so, while the climatic 
conditions are such as to render protection against excessive 
transpiration necessary, it is obvious that the vegetation, while 
xerophytic, is not halophytic. 

Ordinary cultivated soils of the eastern United States gen- 
eraily contain matter readily soluble in water to the amount of 
0.02 to 0.2 per cent. (by weight to dry weight of soil)..5 Now 

4In employing this term we do not lose sight of the fact that halophytes do not 


constitute an ecological class coordinate with hydrophytes and xerophytes, but are 
properly only a subdivision of the latter. Like other xerophytes, they are character- 
ized chiefly by the possession of various adaptations for reducing transpiration, as 
Warming (Halofyt-Studie, p. 235) and Schimper (Pflanzengeographie, p. 99) have 
pointed out Halophytes are such xerophytes as owe their necessity for a reduction 


of transpiration largely to the presence in the soil of an excessive amount of readily 


soluble salts. ‘The character of the soil is the final criterion which decides whether we 
shall call a given vegetation halophyticor non-halophytic. Noecological characters can 


ve cited as exclusively halophytic, although halophytes seem to show a more marked 
tendency than other xerophytes toward a development of water-storage parenchyma. 
In halophytes the xerophytic habit is often developed to an extreme. This is what 


th 
ne 


we should @ prior? expect, since saline soils are generally found in places where 


climatic conditions (apart from peculiarities of the soil) tend to a development of xero- 
phytic characters, as along the sea coast and in desert regions Lhe addition of a soil 
factor that makes absorption of water by the roots difficult (as is perhaps the case 
when salts are present in excessive amount) to climatic factors which tend to cause 
excessive transpiration from the leaves and stems should necessitate development in 
the plant of every posstble means for hoarding its water content. 

'SPata as to the amounts of salts in the soil solution endurable by various culti- 
vated plants not regarded as peculiarly resistant, are afforded by the very numerous 
examinations of cultivated soils that have been made by the Bureau of Soils in the arid 
western part of the United States. The bureau has found that lucerne, when young, 
will endure 0.4 per cent., in later stages of development 0.6 to 1.0 per cent. of water 

] 


soluble salts; wheat, something less than 0.4 per cent.; barley, seedlings 0.6 per cent., 


older plants 1.0 per cent. The writer has found in Egypt the cotton plant maturing 


its fiber in the presence of 1.0 per cent. of salts in the surface 3°™ of the soil; and 


in Arizona in the presence of 0.9 per cent. in the first meter of soil. 
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the greatest concentration of soil solution found in beach sands 
in the course of these investigations 
coast of California 





at Long Beach, on the 





does not exceed the maximum occurring in 
ordinary cultivated soils, according to the above figures. On 
the Atlantic strand the salt content of the sand is generally far 
below the minimum present in ordinary cultivated soils, if not 
actually too small to supply the optimum amount of mineral 
nutrients required by most cultivated plants. 

So far as the data yet available may warrant a generalization, 
we must theretore conclude that plants of sandy sea beaches and 
dunes are not generally halophytic, although, as is the case at 
Long Beach, species that are elsewhere characteristic of strongly 
saline soils and belong to truly halophytic associations may enter 
into the vegetation of the sand strand. 

We must look to factors of the physical environment other 
than an excessive concentration of the soil solution for an expla- 
nation of the usually distinctly xerophytic character of sand- 
strand vegetation. Among such factors may be mentioned strong 
winds (often carrying salt spray from the surf), intense light 
and a great amount of heat radiated from the surface of the sand 
in summer, all of which would doubtless have a share in bring- 
ing about excessive transpiration from plant surfaces not pro- 
tected by special adaptations. To these factors then we must 
attribute the occurrence in plants of the sand strand (although 
growing in a soil usually amply supplied with water and in an 
atmosphere often nearly saturated with moisture) of many of 
those modifications of structure by which desert plants protect 
themselves against excessive loss of water by transpiration. All 
these conditions of the environment are common as well to the 
sandy beaches of great freshwater lakes, so that it is in no way 
remarkable, from an ecological point of view, that such typical 
sea coast plants, for example, as Ammophila arenaria, Cakile 
americana, Lathyrus maritimus, and Euphorbia polygonifolia are 
likewise found on the shores of Lake Michigan. 

U. S. DEPARTMENT OF AGRICULTURE, 

Washington, D. C. 








SOME NEW SPECIES OF WESTERN POLEMONIACEAE. 
ALICE EASTWOOD. 


Polemonium albiflorum, sp. nov.—Stems simple to the inflo- 
rescence or branched from the base, rather tall, glandular-hairy 
throughout: leaves with 11-15 lanceolate-acuminate, callous- 
tipped divisions, 2°™ long, 2-4™™ wide; petioles none or short 
on the lower cauline leaves; radical leaves not seen: inflorescence 
thyrsoid, the peduncles of the lower clusters longer than the 
leaves; bracts small, foliaceous; bractlets none: calyx 7™™ long, 
densely glandular on the outer surface, sparingly so on the inner; 
divisions about as long as the campanulate tube, obtuse or acute: 
corolla crateriform, white, 2°" in diameter, the orbicular divisions 
twice as long as the tube, 6™™ wide, margin suberose: stamens 
exserted, the filaments 7™™ long with a hairy tuftat base, inserted 
2™™ above the base of tube; anthers oblong, 4™™ long, mucro- 
nate: style and stigmas conspicuously exserted from the opening 
bud, stigmas about half as long as the style; ovary ovoid, con- 
taining several ovules. 

This differs from P. occtdenta/e Greene in the different shape of the 
corolla and the different leaves with leaflets confluent on the winged rachis. 
Perhaps it might be considered a form of 7. fo/iosisstmum, but the pubescence 
is much finer and the leaflets more like those of 7. #/%czxzum Greene, while 
the stamens and stigmas are exserted even in the bud, and the flower is 
larger. 

We have three specimens from Utah in our collection, the type having 
been collected at Scofield by Mr. S. J. Harkness, June 29, I1g02. No, 5601 
Marcus E. Jones, collected on Soldier Summit at an altitude of 7300", grow 
ing in gravel, and a specimen collected by Mrs. Willie C. Dodd are probably 
the same. 

Polemonium californicum, sp. nov.— Caudex branched under- 
ground from a tap root and again at the surface: stems I0—15°' 
high, sparingly pilose with lax, jointed hairs, viscid-glandular 
throughout, slightly angled, leafy only below the few flowering 
branches: radical leaves often as long as the entire plant, the 
leaflets rather distant, opposite or alternate, 21-23; rachis and 
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petiole slender, margined and ribbed, the petiole about one-third 
the entire length, gradually dilated to a sheathing membranous 
base; leaflets elliptical-ovate, obtuse or acute at apex, the base 
confluent with the rachis, generally acute and appearing petiolu- 


late, the upper more distinctly confluent, somewhat oblique, 


mr 


5-15™™ long, 3-7™™ wide; cauline leaves similar but with fewer 
leaflets and almost no petioles: flowers cymose in rather close 
clusters, erect in bud and flower; pedicels apparently flat, 2-5™™ 
long; bracts simple or with 3-5 divisions longer and more 
lanceolate than the leaflets: calyx tubular-campanulate, about 
5™™ long, the linear-lanceolate acute segments twice as long as 
the tube, a little more than 1™™ wide: corolla blue, funnelform 
with spreading divisions; these oblong, truncate or emarvginate, 
5™™ long, 4™™ wide, glabrous or slightly pubescent; throat and 
tube about 3™™ long: stamens slightly unequal, the attached 
part of the filament densely woolly and forming a ridge in the 
corolla tube, the free portion 5™™ long; anthers white, ellipti- 
cal, obtusely sagittate at base, almost 2™™ long, surpassing the 
corolla but not the stigmas; stigma lobes white, conspicuously 
exserted both in bud and flower; ovary oblong in outline, about 
1™™ long: fruit not seen. 

Che type was collected by the author at Snow Flat on the old Tioga Road 
in the Yosemite National Park, in early July 1902. There are fine speci- 
mens also from Yosemite collected by Mr. F. T. Bioletti. There are speci- 
mens also from Summit, Placer county, collected by Dr. G, Eisen and later 
by the author, It seems to be the form included under ?. Aumzle Willd., com- 
mon in the higher mountains of central California, and can always be dis- 
tinguished from allied forms by the conspicuously exserted white stigmas 
and long radical leaves. 

Polemonium calycinum, sp. nov.—Stems 10-20°™ high, pilose 
and viscid-glandular throughout, ribbed: radical leaves not quite 
equaling the stem, about 10°™ or less; rachis and petiole ribbed 
and margined, the latter about one-third the entire length, dilated 
and membranous at base; leaflets oblanceolate-obovate, 5-20™™ 
long, 3-5™™ wide, decurrent by the acute base, the three upper- 
most confluent, apex acute or callous-mucronate: flowers in 


short, close cymes, with entire or 3-5-foliate bracts; the bracts 


and divisions longer and narrower than those of the leaflets ; 
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pedicels short: calyx about equaling the corolla, more than 
7™™ long, the segments triangular-acute, as long as the tube, 
veiny: corolla funnelform, with the divisions spreading, orbicular- 
obovate, erosely denticulate, 5™™ long and wide, purplish-blue: 
stamens shorter than the corolla, the attached part very woolly, 


longer than the free portion, the latter 2™™; anthers elliptical, 


> I 


2533 long, obtuse at apex and obtusely sagittate at base: 
pistil with style and stigma extending slightly beyond the calyx, 
exserted but little from the bud; ovary suborbicular. 

This also comes in the aggregate under 7. Aumz/e Willd. and is near ?. 
caltfornicum, It is peculiar in having a much larger calyx, shorter stamens 
and style, and leaflets differently shaped. The type was collected near Cinder 
Cone, Mount Lassen, California, by Mrs. C. C. Bruce, July 1897. 

Polemonium tricolor, sp. nov.—Stems 10-15°™ high,apparently 
from running rootstocks; caudex clothed with broad chartaceous 
bases of old petioles; sparingly villous throughout with jointed 
hairs and glandular especially on the flowering stems: radi- 
cal leaves erect, the rachis and petiole margined, strongly 
ribbed through the middle, 1™™ wide; petioles 2—4°™ long, 
dilated for almost half the length, reddish; leaflets 11-17, 
obovate or elliptical, callous-mucronate at apex, oblique and 
cuneate at base, confluent with the rachis, lowest alternate, 
upper Opposite; cauline shorter and with shorter and broader 
petioles, the leaflets fewer, longer, and narrower: flowers in close, 
erect, compound cymes ; buds erect; pedicels and peduncles 


flat, margined, viscid, 1-5™™ long; bracts simple or 3—5-foliate: 
gular-obtuse segments half the entire length, densely glandular 
on both sides: corolla rotate-campanulate, violet with a reddish- 
purple spot near the base of the divisions, throat yellow; 
divisions suborbicular, emarginate at apex, 6™™ long, 5.5™™ 
wide, almost twice as long as the included tube; this glandu- 


lar and ridged with the woolly adherent bases of the filaments: 


stamens with the free part of the filaments about 4™™ long; 
anthers white, elliptical, auriculate at base, obtuse, 1.5™™ long: 


ovary orbicular in outline; style not surpassing the calyx; 
stigmas 3-4, 3™™ long: capsule 3-valved, but not ripe in the 


type specimen. 
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The type is no. 1671 of the collection made by Harley P. Chandler on 
Marble Mountain, Siskiyou county, California, at an altitude of 8,o00%. It 
was distributed as P. humile pulchellum Gray,and undoubtedly comes under 
that polymorphous aggregate. The small tricolored corolla with short tube 
distinguishes it easily from the other allied species or varieties. 

Polemonium Berryi, sp. nov.— Caudex branched apparently 
from a tap root: stems slender, about 10°™ high, lower part spar- 
ingly glandular, upper part more densely clothed with short 
glandular pubescence: radical leaves clustered, the long ribbed 
petioles membranously dilated and imbricated at base, as long as 
the blades or longer, together 4-8°™; leaflets imbricated before 
unfolding, later somewhat distant, 15-19, obovate to spatulate 
and rhomboid, acute or obtuse at apex, cuneate at base and con- 
fluent on the rachis, 2-4™™ long and about as wide, veinless and 
slightly viscid: cymes rather loosely flowered; the pedicels from 
shorter than the calyx to 7™™; bracts trifoliate or entire and 
simple: calyx tubular-campanulate, 4™™ long, the deltoid- 
subulate obtuse divisions half as long, glandular-hairy on both 
sides: corolla white, tinged with lilac, throat yellow, tube white, 
funnel form, 9™™ long; the divisions obovate, rounded and entire 
at apex, 4™™ long, 3™™ wide: stamens inserted in the tube and 
attached by the hairy base, the free part glabrous, 4~5™™ long; 
anthers obtusely sagittate at base, retuse at apex, not quite 2™™ 
long, elliptical, the two cells attached half the length: pistil 
with style and stigma 8™™ long, the upper part of the stigma 
lobes exserted in the bud; ovary ellipsoidal, 3-valved, contain- 
ing several ovules: fruit not seen. 

This delicate little Polemonium is perhaps nearest to ?. viscosum Nutt. 
It differs from the description of that species in the short, broad calyx 
divisions. The type was discovered in Desolation Valley, near Lake Tahoe, 
California, by Mr. S. Lucien Berry, in whose honor it is named, and was col- 
lected July 10, 1902. There is a specimen of what appears to be the same 
species in the herbarium of the California Academy of Sciences, collected by 
J. G. Lemmon near Lassen’s Peak, June 1875, no. 26. 


Polemonium Tevisii, sp. nov.— Rootstock somewhat shreddy, 
the upper part of caudex clothed with imbricated membranous 
petioles of old leaves: stems about to*™ high, slightly angled, 


glaucous and almost glabrous at base, the upper part clothed with 
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short glandular hairs: radical leaves 6-8°™ long with 15-19 leaf- 
lets; petiole generally more than half the entire length, slender, 
slightly glandular, strongly ribbed and scarcely margined, mem- 
branously dilated at base; leaflets imbricate when young, orbicu- 
lar to elliptical-ovate, acute at apex and base, confluent on the 
rachis, 1-6™™ long, 2-4™™ wide; cauline leaves subtending the 
flowering branches, with shorter petioles, the leaflets few, nar- 
rower and longer than on the radical leaves: flowers closely 
cymose on capillary pedicels, 2-5™™ long; bracts simple or tri- 
foliate, similar to the cauline leaflets: calyx campanulate, 57 
long, the linear-lanceolate divisions 3™™, acute, glandular-hairy: 
corolla blue with yellow throat, funnelform, g-10™™ long, the 
broad elliptical divisions 5™™ long, 4™™ wide, rounded and 
entire at apex: stamens inserted in the tube of the corolla, 
attached from below the throat to the base, hairy along the 
insertion and within the tube, the free part of the filaments 
3-4™™ long; anthers elliptical, the cells united to below the 
middle, obtusely sagittate, obtuse at apex, 2™™ long, white: 
stigmas included in the bud, lobes 1.5™™ long; style 5.5™™ 
long; ovary elliptical in outline, acute at apex, with several 
ovules in each cell: fruit not seen. 

The type was collected in Desolation Valley, near Lake Tahoe, California, 
July 10, 1902, by Mr. S. L. Berry; and in the same region by Lloyd P. Tevis, 
in whose honor it is named ; and by Miss Lutie Goldstein at Lakeside Park, 
in the same region, July 1903. 

Polemonium rotatum, sp. nov.——Cespitose from a thick twisted 
rootstock densely clothed with the persistent petioles of former 
leaves: stems slender, 10-15°™ high, striate, glandular-hairy, 
paniculately branching with erect branchlets: radical leaves 
3-4°™ long, the blade equaling the petiole; leaflets about 15, 
generally alternate, elliptical, obtuse, oblique, sessile, 3-4™™ 
long, wrinkled but not veiny, sparingly clothed with glandular 
hairs; rachis and petiole glandular-hairy, keeled, the latter 
dilated at base; cauline leaves similar but short-petioled or 
sessile, the leaflets diminishing in number to the single entire 
bracts: flowers in erect panicles on short erect pedicels, as 


long as the calyx or longer: calyx campanulate, 4™™ long, 
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tinged with rose-color, broad at base, the divisions as long as 
the tube, oblong, obtuse, extending to the throat of the corolla: 
corolla rotate, with tube 2™™ long, throat saucer-shaped, and 
limb salverform; divisions orbicular, 7™™ in diameter; the 
entire limb about 16™™ in diameter: stamens inserted in the 
tube, unequal, none exceeding the petals; anthers oblong, 
obtusely sagittate at base, more than 2™™ long, obtuse at 
apex: style surpassing the stamens: capsule distinctly 3-lobed, 
with one seed in each cell: seeds concave on one side, 2™™ long, 


brown. 


This was collected in the Klondyke, Yukon Territory, by John MacLean, 
in 1898—1go!, and was distributed as P. Pulchellum Bunge. 

Polemonium fasciculatum, sp. nov.—Stems numerous from a 
caudex densely clothed with the broad membranous bases of old 
petioles, rather stout, glandular throughout with a crisp pubes- 
cence, 20° high, paniculately branched with the branchlets erect: 
radical leaves 5°™ long, with petioles one-third the entire length, 
membranously dilated half the length, striate; rachis broad and 
flat, ribbed; divisions alternate, distant, 17-21, sessile, orbicular, 
2™™ in diameter; cauline leaves few, generally with branchlets in 
the axils, similar to the radical but shorter, with few distant 
divisions, almost sessile: flowers numerous, cymosely paniculate 
in close clusters, sometimes subumbellate; pedicels slender, 
shorter or longer than the calyx: calyx 5™™ long, cuneate at base ; 
the divisions 3™™ long, oblong-lanceolate, obtuse, veiny, sur- 
passing the throat and tube of the corolla: corolla blue, rotate, 
the tube 2.5™™ long, the throat and limb 13™™ in diameter; 
divisions obovate, truncate or retuse, 5™™ wide near the apex, 
6™™ long: stamens inserted in the tube, hairy at base, somewhat 
unequal, shorter than the divisions of the corolla; anthers orbic- 
ular, 1™™ in diameter, united at the apex only: style surpassing 
the stamens, not so long as the corolla and not exserted from the 
bud: capsule 3-lobed, somewhat pointed: seeds 2-3 in cach cell. 

This was collected by Mr. John MacLean in 1898 or Igor on the Klon- 
dyke, Yukon Territory, and was distributed as 7. Julchellum Bunge. It is 


much nearer 7. viscosum Nutt. 


Linanthus croceus, sp. nov.—Stems generally several from an 


annual root, slender, 10—-20°™ high, nispid with a white pubescence 








ay 
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appressed on the stems, spreading on the leaves, bracts, and 


flowers: leaves opposite, palmately divided generally into six 
spatulate or linear-acute segments, 3-7™™ long on the lower 
stem and almost twice as long near the flowers, appearing as if 
whorled with the internodes lengthening with age, in the young 
plants scarcely longer than the leaves: bracts of the terminal 
head of flowers as long as the calyx, palmately divided into five 
linear-acuminate divisions 7™™ long, 1™™ or less wide, the inner 
surface glabrous but the outer surface and involute margins his- 
pid: divisions of the calyx twice as long as the cuneate tube, 
linear-subulate, aristate with pubescence similar to that of the 
bracts: corolla yellow, the tube filiform, 4—-5°™ long, clothed 


] 


with fine scattered spreading jointed hairs; throat broadly funnel- 


form, expanding to the limb which is 1.5°™ across, with the 
divisions suborbicular, 5™™ wide, rounded at apex, generally with 
two faint lilac dots at base, sometimes the outer part of the lobes 
tinged with rose or lilac: stamens on capillary filaments, exserted, 
inserted at the base of the throat, 4™™ long; anthers yellow or 
orange, narrowly elliptical, a litthke more than 1™™ long: stigmas 
surpassing the stamens, 3™™ long; ovary with few ovules: fruit 
not seen, 

This beautiful species was collected by the author May g, I1gol, near Pt. 
San Pedro, San Mateo county, California. It covered the ground for several] 
acres, but was seen in no other place, and is probably a strictly local species. 
It is perhaps the most strikingly beautiful species of the group where it 
belongs, with the long threadlike tubes of the corolla supporting the wonder 
fully beautiful yellow disks. The great masses almost monopolized the 
ground. ‘The species is well worthy of a place in the gardens, and would do 
well under the same conditions as its near relative 1. androsaceus, from 
which it differs not only in color but also in leaves, shape and size of flower, 
and pubescence. 

Linanthus Plaskettii, sp. nov.— Branching diffusely from an 
annual tap root and also above; the numerous stems slender, 
often reddish and cinereous with a scabrous, hispid pubescence : 
leaves opposite, digitately divided, appearing verticillate, spatu- 
late, scabrous-ciliate or somewhat serrate with aristate teeth, 

3-8 ™™ long, surface grooved between the midrib and the thick 
margins, somewhat scabrous especially near the apex and on the 


margins, appearing serrulate-aristate, the apex bristle-tipped: 
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involucral leaves linear, very hispid, scarcely distinguishable from 
the calyx divisions: calyx 8™™ long, keeled below each sinus, 
the division attenuate to a long stiff point a little more than half 
as long as the turbinate tube, bristly hispid with short, spreading, 
stiff-jointed hairs : tube of corolla filiform with pubescence similar 
to the calyx, exserted about 2.5°™, the throat saucer-shaped, 
purple or brownish, the limb lilac, white or rose, 1°™ in diameter; 
divisions obovate, obtuse: stamens inserted in the throat of the 
corolla, with capillary filaments as long as the style: stigmas 
surpassing the anthers but not extending beyond the petals. 

This is near ZL. androsaceus Greene, of which it may prove only a geo- 
graphical variety. It differs in shorter, more pointed leaves, scabrous and 
glandular pubescence, flowers with more slender corolla tube, in which 
character it resembles Z. farviflorus Greene. The stems are more numerous 
and more leafy, and the general appearance suggests a different plant. 

The type is no. go of the collection of Mr. R. A. Plaskett froin the Santa 
Lucia Mountains, collected April 11, 1898. It has also been collected by 
the author on the Milpitas Ranch in the San Antonio Valley, Monterey 
county, a part of the same mountain system. 

Navarretia Bowmanae, sp. nov.—Stems simple or branched, 
often reddish, scabrous and cinereous with a fine, close, glandular 
pubescence, erect or spreading, 10-20°™ high: leaves bipinnately 
divided, the main divisions alternate or opposite, 7-15; ultimate 
and lowest divisions narrowly linear, less than 0.5™™, spinescent 
at apex; rachis strongly ribbed, the distinction between it and 
the petiole not evident, the latter broadening at base, wanting 
on the upper leaves, varying much in length on the lower ; blade 
and petiole on lower leaves about 7°™ long, on uppermost I—2°™; 
flowers lemon-yellow, in heads at the ends of the branches, 1-2°™ 
broad, surrounded at base by involucral leaves; bracts broadly 
ovate in outline, white-woolly near the base and glandular 
throughout, 7™™ long, 1°™ wide: calyx tube white, chartaceous, 
glandular, narrowly turbinate, ribbed, 4™™ long; divisions 3-5, 
unequal, aristate two longer than the others, corolla tube shorter 
than the longest divisions of the calyx, slightly glandular, throat 
funnelform, the limb consisting of 4-6 linear-oblong, obtuse 


lobes, 3™™ long, 1.5™™ wide: filaments inserted between the 


lobes and shorter, as long as the anthers: style extending 3™™ 
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beyond the petals, conspicuously exserted even in the bud; 
stigmas small; ovary with one ovule in each cell. 

This is related to VV. cotulacfolia H. & A., to which it may be too closely 
allied. It is distinguished from this species, as I know it, by the glandular 
scabrous pubescence of stem and leaves, the woolly pubescence of bracts 
and calyx, the yellow corollas, the short stamens, and the conspicuously 
exserted style. It was collected at Anderson's Ranch, Lower Lake, Lake 
county, California, May 11, tgo1, by Miss Agnes Bowman, in whose honor it 
is named. Heller’s 5638 and 5432 appear to be the same. These were dis- 
tributed as NV. cotu/acfolia H. & A. 

Navarretia pterosperma, sp. nov.—Stems simple, low, 5—6 
high, glandular pubescent and slightly villous-arachnoid: cauline 
leaves pinnatifid with 5-7 linear-acerose divisions almost as wide 
as the rachis; lower ones petioled, upper sessile and with the 
lower divisions again divided: heads small, about 1.5°™ broad, 
with the bracts broadly ovate in outline, once or twice deeply 
pinnatifid, the divisions linear-acerose, arachnoid on the mar- 
gins (with a good lens): calyx 1°™ long, of five unequal, nar- 
rowly linear, acerose divisions, twice as long as the tube, which 
is thin and membranous between the stout ribs: corolla blue, 
with tube 7™™ long, narrowest at the middle below the inser- 
tion of the stamens, dilated to a base as broad as the funnel- 
form throat; divisions 2.5™™ long, 1™™ wide, oblong, obtuse, 
entire, surpassing the calyx: stamens unequally inserted on short 
filaments, included, not reaching the throat of the corolla; 
anthers white: style short, with short divisions: capsule with 
thin walls through which the brown seeds can be seen: seeds 
flat, oblong or orbicular, winged, 1™™ in diameter, without 
spiracles or mucilage when wet, about five in each cell. 

Chis is a rare species on Bodega Point, California, or it was late in the 
season, for few specimens were found growing amid the grass on the bluffs 
above the bay. It was collected July 4, Igoo. 

It is near .V. melita Greene, but has larger flowers, bracts less arachnoid 
and more dissected and larger, and seeds more distinctly winged. I noticed 
no odor about this plant when it was fresh, and there is none in the dried 
state. NV. mellita does not lose its odor even when dry, and when the dried 
plants have been wet the odor is quite noticeable. 

Gilia collina, sp. nov.—Stems branching, 15°™ high; lower 


part leafy, more or less clothed with cottony wool; inflores- 
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cence dotted with black or white stipitate glands: leaves lan- 
ceolate in outline, pinnately parted with g—15 short divisions, 
the lobes or teeth ot which are aristate; lowest divisions 
shortest, becoming tooth-like; rachis and petiole margined, the 
latter longest on the lowest leaves but not equaling the blade, 
together 1-3°™ long, 1™™ wide; upper leaves sessile: panicle 
loosely branching from above the leaves, more than half the 
height of the entire plant; bracts small and appressed to the 
stem, subulate; pedicels varying much in length: calyx 3™™ 
long, with five green or purplish-dotted ribs alternating with 
white membranous folds, the tube as long as the subulate- 
aristate teeth, ribs glandular: corolla pink, the tube 1.4°™ long, 
glandular, widening at base and throat; the divisions narrowly 
obovate, obtuse, margins entire or crisped: stamens inserted in 
the funnelform throat, with unequal filaments shorter than the 
petals; anthers small, orbicular: style surpassing the petals; 
stigmas hairy on the inner side; ovary with two ovules in each 
cell: capsule obovate to elliptical, 14™™ long, yellow, not all 
ovules maturing: seeds flat, elliptical, margined, becoming mucil- 
aginous when wet. 

This well-marked species belongs near G. fenutfolia Benth. and G. zacon- 
spicua Dougl. It differs from both in shape of leaves, and size and form of 
flower, having corollas with much longer tubes than any of the group. It 
was collected on a mountain near Hockett Meadows, Tulare county, Cali- 
fornia, by C. A. Purpus, June 1896, being no. 1783 of his collection. Accord- 
ing to Mr. Purpus, it is found in openings under the trees in forests of Pinus 
Jeffreyi. \t is common on gravelly hills on Hindman’s Trail to Coyote Pass 
in the same region, where it was collected by the author July 1903. 

Gilia pedunculata, sp. nov.—Stems diffusely branching with 
many slender stems, 10-30°™ high, upper part sparingly glandular 
and with a few scattered woolly hairs especially near the base of 
stem and inaxils of leaves: leaves once or twice pinnately divided 
with 3-7 narrowly oblanceolate or filiform leaflets, the lower 
petioled, the upper sessile; peduncles filiform, axillary, 1—3-flow- 
ered, naked, 3—-10°™ long: calyx 5™™ long, the subulate-acuminate 
divisions 3™™ long, the greenish or purplish midvein 3-nerved, 


the membranous margins and intermediate folds purplish-dotted, 


sparingly lanose : corolla blue, tubular-funnelform, the tube 

















—— 














1904| EASTWOOD: WESTERN POLEMONIACEAE 447 


barely exserted, 5™™ long; the divisions oval, acute, 3™™ long: 
stamens inserted at the sinus, on filaments shorter than the 
anthers, less than 1™™: style included in the tube, the stigmas 
extending to the throat: capsule surpassed but little by the 
divisions of the calyx, elliptical in outline, dotted with purple at 
summit, mucronate, glabrous: seeds several in each cell with 
trace of a white wing at some of the obtuse angles 


Che type of this species was collected by the author on Alamo Creek, not 


I 


far from Santa Maria, Santa Barbara county, California, May 24, 1806. It 


velongs tothe same group as G. mi/lefoliata, from which it differs in the less 


dissected leaves, more diffusely branching stem, longer and mostly one- 
flowered peduncles, and thick seeds. It presents quite a different appearance 
and seems peculiar to the southern part of San Luis Obispo county and 
northern Santa Barbara. There is a specimen from Santa Margarita and 
another from the Suey Ranch in the same general region collected also by 
the author. 

GILIA PEDUNCULATA minima, var. nov.—Similar to the pre- 
ceding in every way, but flowers and fruits less than half as large, 
and whole plant smaller. 

Collected at Cuvama, May 5, 1896. 

GILIA PEDUNCULATA calycina, var. nov.— Distinguished from 
the typical form by the smaller flowers, corolla tube constricted 
near the middle, and narrower calyx divisions conspic 


uously 


attenuate and green and surpassing the ripe capsule. 

Collected by the author between Huasna and Pozo, San Luis Ob spo 
county, June 15, 1go2. 

GILIA CALIFORNICA glandulosa, var. nov.— Differs from the 
typical form in the more crowded fascicles of leaves clothed 
with arachnoid-glandular hairs, and in the tomentose stems. 

It is the common form growing around Pasadena, California. There are 
specimens in the Herbarium of the California Academy of Sciences from 
Mount Wilson, collected June 1903 by Fordyce Grinnell Jr.; from La Canada 
Canon by Miss Lulu Forbes; and from Arroyo Seco by Miss M. E. Parsons: 


also in the Sierra Santa Monica by J. C, Nevin. 


CALIFORNIA ACADEMY OF SCIENCES, 


SAN FRANCISCO, 











NOTES ON THE MONTEREY PINE. 
GEORGE J. PEIRCE. 
(WITH FIVE FIGURES) 

Ix the spring of 1898 the entomologists of Stanford University 
discovered a fly, Diplosis pint-radiate Snow,’ which produced a 
leaf-gall or at least a basal hypertrophy of the leaves (needles) 
of the Monterey pine (Pinus radiata D. Don.) Some of the 
botanical features of this insect attack were described in 1900 
by Cannon.? Certain other features, as well as notes on other 
matters connected with this tree, I wish to add to what Cannon 
said. 

As its name implies, the Monterey pine is a coast tree, 
“very restricted in its distribution: Pescadero, southwest of 
Monterey and Pacific Grove.”3 It is commonly planted, how- 
ever, over a rather extended territory, though with a success 
which is evidently proportioned to two things: the rainfall and 
the humidity of the air in summer. It seems to thrive about 
San Francisco and on the ocean side of the peninsula which 
separates the southern half of San Francisco Bay from the sea, 
but it needs moister, cooler air in summer than it gets in this 
part of the Santa Clara Valley, although careful watering will 
keep it in fair condition even here. Along with the coast 
redwood (Seguota sempervirens Endl.) this tree is subject to a 
great variety of enemies, in addition to being exposed in culti- 
vation to unfavorable climatic conditions. In the arboretum of 
the university the unfavorable factors in the environment are 
most evident. To mention only conspicuous enemies of the pine, 
one finds Arceuthobium occidentale,s a Peridermium, certain fungi 
causing spots on the leaves, scale-insects, bark-borers,and the gall- 

‘Snow, W.A., and MILLs, Miss H., in Entomological News 11 :—. 1900. 

Cannon, W. A., The gall of the Monterey pine. Amer. Nat. 34: 801-810. 
I1goo. 

JEPSON, W. L., Flora of western middle California. 1go1. 

4] purpose publishing later a study of this phanerogamic parasite. 
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fly. In addition to these, field mice and other animals, whose 
depredations were concealed and facilitated by the long grass which 
was allowed to grow among the trees for a few years, made the 
already unfavorable environment almost unbearable. In various 
respects, however, conditions in the arboretum have improved. 

Even at Pacific Grove,in a natural forest, this pine is just now 
having a hard struggle for existence. Conditions in this bit of 
forest have been considerably changed of late years, paths and 
roads having been cut through it, and a few years ago a serious 
fire swept over part of it. This forest is extremely important, 
for it is the main protection of the town of Pacific Grove against 
the sand which, now piled up in magnificent dunes, would other- 
wise be blown inland and over the town. It is still too early to 
determine whether the effort now being made to save this forest 
will be altogether successful. 

The evident sensitiveness of these two trees, the redwood 
and the Monterey pine, is interesting in connection with their 
limited distribution. The redwood seems to be confined to the 
fog belt, the Monterey pine to only a small part of this. Mois- 
ture in the air is apparently the principal limiting factor, but the 
still further limiting one in the case of the Monterey pine is not 
evident. Seeds of this pine are now being extensively distributed 
for purposes of experiment. Whether it will prove under these 
new conditions to be more widely successful than it has hitherto 
been is a question of great theoretical as well as_ practical 
interest. 

Turning now to the leavesof Monterey pines which have been 
attacked by the yall-fly, Diplosis, we shall see, in addition to the 
characters described by Cannon, certain other significant differ- 
ences from normal leaves. At the same time that there is a 
very considerable thickening of the leaf throughout its length, 
but especially at the base, the leaf-surface is greatly decreased. 
The average diameter of 20 normal leaves-one year old is 
0.735™™, as measured by micrometer caliper, and the length 
94.8™™", The average diameter of 20 galled leaves one year old 
ranges from 1.72™™ at the base to 0.62™™ at the middle, and the 


average length is 19.5™™. The shape of all these leaves is far 
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from mathematically regular, hence any attempt at measuring 
the surface area will necessarily give only approximate results ; 
but let us assume for comparison that the difference between a 
galled and a healthy leaf on the one hand anda regularcone on the 
other is approximately equal. If we multiply the diameter at the 
base by 7 — 3.14, thus getting the circumference ofa regular cone 
at the base, and this figure by one half the length of the needle 
(one half the height of a regular cone), we shall get the area of 
a regular cone. The calculated circumference is too large, for 
two of the lines bounding the base of a pine needle are straight; 
but, on the other hand, the diameter of a pine needle is less at 
the base than a short distance above. The cone, therefore, is not 
regular; the needle is larger above than at the base, tapering 
toward both base and tip. Nevertheless, using this faulty 
method of estimating surface areas, we have comparable figures 
—109.35°'™™ as the area of an average normal needle, and 
sq mm - 


2.6554 as the area of an average galled needle. The sur- 


J 


wu 


face of average normal leaves, therefore, is approximately twice 
that of galled cones. 

The weight of the 20 normal leaves which I measured is 
0.8595%™" and of the 20 galled ones 0.395. So far as expenditure 
of leaf-building .material is concerned, there is a difference of 
about 50 per cent. between normal and galled leaves. But 
besides weight and surface area the number, size, etc., of 
stomata should also be considered. The stomata appear alike 
on normal and on galled leaves, but there are four times as 
many on the former as on the latter. 

Between normal and galled leaves the physiological differ- 
ences will at least equal the anatomical ones. Thus there will be 
considerable differences in the amount of water lost through the 
stomata, in the amount of food made in the chlorophyll-con- 
taining tissues, and in the amount of food consumed in healthy 
and in diseased leaves. The larvae in the galls may consume more 
food than is made in the leaves at the bases of which they 
develop from the eggs, as they may be sufficiently nourished 
from the leaves alone. On this point there is at present no light. 
If the larvae consume more food than the immediately adjacent 
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leaves make, this food will certainly consist mainly of organic 
compounds drawn through, if not exclusively from, the branch 
on which the leaves stand. It is therefore the phloem elements 
upon which the demand for food will be made directly. If 
bundles coming into fallen leaves be cross-sectioned, for example 
at such a point that the bundles lie in the cortex of the branch 
about midway between the epidermis and inner bark, and these 
cross-sections be compared with corresponding ones of the 
bundles of healthy leaves, the differences between the bundles 
will be clear. The simplest way to compare is to cut out and 
weigh the pieces of bristol-board on which camera drawings of 
the sections have been made. Thus the cross-section of the 
normal ‘leaf-trace” (phloem, xylem, and enclosed pith) weighs 
0.429®", that of the “‘leaf-trace”’ of a group of the galled leaves 
weighs 0.2108"; the xylem of the former 0.082%", the phloem 
0.3352"; the xylem of the latter 0.0528", the phloem 0.155%™. 
That is, the normal ‘‘leaf-trace’’ is more than twice as large as 
that of the galled cluster, the xylem of the normal one anda 
half times the galled, while the phloem of the normal is also 
more than twice that of the galled. If one judge the efficiency 
of tissues by the extent to which they are developed i criterion 
by no means above criticism —the conclusion is forced upon one 
that, so far as one year old leaves show, healthy leaves have 
more work done in them than do galled leaves. This work is of 
various kinds. /¢rst, more water and mineral solutes pass 
through the bundles into normal than into galled leaves, and 
more water is transpired from healthy than from diseased leaves. 
Second, more food is made in normal than in galled leaves, 
assuming that the greater amount and more favorable exposure 
of chlorophyll-containing tissues in normal leaves is a safe index. 
Third, more food is removed through the phloem to other parts 
of the plant from healthy than from galled leaves. Although 
the galled leaves nourish larval insects, the development of their 
conducting tissues is less than that of normal leaves. The pro- 
cesses especially characteristic of leaves —food-manufacture and 
the attendant movements of solutions up and down the leaf—are 


less active in yalled than in healthy leaves, and the conducting 
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and other tissues especially concerned with these processes are 
developed correspondingly. 

Passing from the leaves to the branches, comparison of cross- 
sections of branches bearing galled leaves with cross-sections of 
other branches bearing only normal leaves, reveals certain differ- 
ences. If one makes a series of cross-sections through succes- 
sive segments of one branch, the leaves of which have been 
attacked in successive years by the gall-fly, and a similar series 
of cross-sections through a branch which has borne only healthy 
leaves, we shall see that the growth of the branch in thickness 
each year is proportioned to the amount of galling -which has 


taken place. The accompanying figures show this. In fig. 7 we 


1901 000] [vo 96 1895 1894 


Fic. 4. 


have part of a cross-section of a branch, the oldest wood in 
which was formed in 1894. The drawing is by Leitz drawing 
prism. I have known this tree and watched it constantly, 
beginning with the spring of 1898, the year when, according to 
—_—_— entomologists, the attacks of the gall-fly were 
aia the worst. The fly first appeared in noticeable 
1902 numbers in 1896, and since 1900 it has been far 


less numerous than in the preceding five years. 


a . . . . 
The narrow annual rings indicated in the above 
1901 drawing coincide exactly with the most serious 
attacks of the gall-fly. 
In fig. 2 we have a branch the oldest wood 
1900 . . . Tr . 
in which was found in 1goo. The terminal bud 
of this branch had been injured shortly before | 
cut it, which was in March 1903, when I collected 
all the material here figured. On this branch I 
Fic. ‘2. 


counted all the leaves still present, and the num- 


bers were as follows: I normal leaf still attached to the part 


of the branch begun in 1900, 40 galled and 26 normal leaves 
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on the Ig01 segment, 31 galled and 70 normal leaves on the 
1g02 segment, and no galled leaves at all on the new growth of 
1903. It may be mere accident, of course, that the one leaf 
which held on from 1g00 to 1903 should have been a normal 
one, but this is what one should expect from the nature of 
the case. A healthy leaf, contributing nor- 
mally to the plant which bears it, should be 
retained longer than diseased leaves. 


In fig. 3 is shown a cross-section of the 





youngest part of a branch on which there 


were no galled leaves. The growth at the 


FIG. 3. No galls. 


time of collecting had already been consider- 
able. This growth is greater than that on 

a branch which had borne galled leaves, for 

the diameter of this branch is greater than | 17°? | 192 

the diameter of the whole first season’s 


growth of the branches shown in figs. 2-5 


iG. 4.--1902, 15. to 


which were drawn on the same scale. I 68n. 1903. no galls. 
ge a: believe this to be a general difference, for all 
903 


gr the sections I have made are consistent with 
1902 


those here figured. And we should expect on 
general principles that the growth of a tree or 


a branch which had been healthy in preceding 





seasons would be greater and better than that 


\ Wy of diseased trees or branches. 
FIG. §.— 1901, 14g. In figs. g and 5 we have further evidence 
to Sn. 1902, 15 yu.to gil any 
OSn. 1903, no galls. to confirm the opinion expressed above, that 


the width of the annual ring, or to put it more generally, the 
growth of the vascular bundle, is proportioned to the growth 
of the leaves borne on the branch. When one realizes that 
these sections are from different branches on the same sides 
of the same trees, that therefore the conditions other than those 
produced by the parasite were similar each season for healthy 
and for galled branches, one is compelled to attribute the 
difference to the effects of insects. 

Taking into account what was said above about the differ- 


ences in area between normal and galled leaves, and also the fact 
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that there are no anatomical or microchemical differences in the 
surface cells of the two sorts of leaves, one is led to infer that the 
differences in the quantities of water (and solutes) drawn up 
through the xylem into galled and normal leaves furnish the 
reason for the differences in the amounts of conducting tissue as 
shown by the annual rings. 

In 1893 Jost’ concluded from a series of experiments which 
he made on seedlings and on certain older woody plants, that 
the development of the vascular bundles is very intimately con- 
nected with the development of the leaves. His experiments 
consisted in part in removing the leaves when the seedlings were 
very young or in forcing leaves to develop from the bud in 
darkness. Any experiment which involves amputation or other 
serious injury is obviously to be used only very guardedly as the 
basis of conclusions regarding the relations of parts to each other. 
An experiment involving the amputation of a leaf shows two 
things: the effect of the wound and the effects due to abuses 
of the leaf and of the processes normally going on in it. 
Which is the predominant influence no one knows, and whether 
the result is not a vesultant rather than the swam of two 
different effects is also unknown. It is conceivable that a 
reduction of the leaf surface, or the suppression of the whole 
organ without wounding, might have a different effect from 
cutting off a leaf. This Jost tried by causing leaves to develop 
in darkness from the bud. But here again more than one thing 
is involved. The formative and directive influences of light as 
well as its influence on the photosynthetic and other processes 
connected with nutrition going on in the leaf, are all eliminated. 
Though no wound is made, the result may again be a resultant 
rather than the sam of the factors concerned. The results which 
Jost obtained agreed, however, in that, whether the leaves were 
removed or were reduced by being grown in darkness, the 
vascular bundles were much smaller. Jost used among other 
plants two species of Pinus. 


If we now compare Jost’s results with ours, we see that they 


SJost, K., Beziehungen zwischen Blattentwickelung und Gefassbildung in der 
Pflanze. Bot. Zeit. 51: 89-138. 1893. 
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are similar. Normal seedlings and normal-leaved pine branches 


develop bundles of normal proportions, while amputated seed- 





i. lings and branches bearing galled leaves develop bundles which 
! 

| vary from the normal according to the degree of injury which the 
| leaves have undergone. In the case of Jost’s seedlings the con- 


sequences of amputation are clear. That they are the results of 
any one set of factors is by no means clear. In the case of these 
Monterey pines we have plants which are also profoundly although 
gradually influenced by the treatment to which they have been 
subjected. No wounds are produced by the gall-fly depositing 
its eggs at the bases of the young pine needles, there is no sud- 
den shock to the whole plant, and there is no sudden or great 
change in the weights, or the position of the weights of the 
leaves. The galled leaves have less area and less chlorophyll- 
containing tissue than normal leaves, they lose less water 
by evaporation and contribute less food to the plant as a 
whole than normal leaves do. They may consume more food than 

normal leaves, but this is by no means certain. The products of 
, the gall-larvae—excreta of various sorts—certainly affect the 
leaves at the bases of which they live and it may be that these 
substances are carried to considerable distances and affect the 
growth of the tissues in the branches. But of this there is no 
evidence unless we assume that these excreta affect only the 
young cells of the xylem. It seems to me reasonable, therefore, 
to conclude that it is principally the reduced surface from which 
water is evaporated, and that the decreased food-manufacturing 
tissue is only a minor cause, to which the smaller amount of 


wood and the narrower annual rings can be attributed. Wehave 








then in this pine a confirmation of Jost’s conclusions that leaves 
and vascular bundles are closely correlated in their development, 
a confirmation the more interesting because it is furnished by 
gradual change rather than by sudden and shocking influences, 
by influences which operate out of doors, under natural condi- 
tions, where there can be no suspicion that the results are due to 
more or less obscure laboratory causes. 
STANFORD UNIVERSITY, 


California. 
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THE CELLOIDIN METHOD WITH HARD TISSUES. 

THE following celloidin method, developed and perfected by Dr. E. 
C. Jeffrey, has been incompletely described at second or third-hand 
elsewhere,* but is here published in full for the first time, in response 
to numerous inquiries from persons interested in the photomicrography 
of plant tissues, and in the preparation of large numbers of uniform 
sections for class use. ‘This method has been employed in the labora- 
tories of plant morphology of Harvard University for two years, and 
when judiciously applied it is found to leave practically nothing to be 
desired. ‘The hardest tissues may be cut as thin as 5 or less, without 
difficulty,if they are first properly treated, and the sections thus obtained 
are perfectly adapted to photographic requirements. Brietly stated, 
the method as specialized for the study of wood and other objects con- 
taining skeletal tissues, is as follows : 

I. Preparation of material I\f wood is to be studied, it should be 
cut up into cubical blocks, in such a way that the faces represent accu- 
rate transverse, radial, and tangential sections. The best results are 
obtained from cubic blocks of not more than 1“, though much larger 
ones may be used if the time of treatment be proportionately increased. 
Material other than wood should be cut in similarly small pieces, and 
in such a way as to afford the desired plane of section. If the material 
is dead and dry, the pieces should be repeatedly boiled in water and 
cooled, in order to remove the air. It is well to pump out the remain- 
ing air with a good vacuum pump. In case living material is to be 
studied, the protoplasm may be killed and fixed by placing the blocks 
directly in the following solution : 

Mercuric chloride, saturated solution, in 30% alcohol - 3 parts 
Picric acid, saturated solution, in 30% alcohol I part 

After twenty-four hours this solution is to be washed out by passing 
the blocks through alcohols of grades 40, 50, 60, 70, and 80 per cent. 
Twelve to twenty-four hours should be allowed for each change of 
alcohol, and the 8o per cent. alcohol should have enough iodin solu- 

* CHAMBERLAIN, C., J., Methods in plant histology, p. 55; also MILLER, C. H.,On 


embedding in celloidin. Jour. Applied Micr. 6: 2253-2254. 1903. 
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tion added to it to keep it of a deep brown color. Moderate heat 
50 C.-—hastens the process. Chromic acid and chromates, though 
extremely useful fixing agents for certain kinds of objects, are not at all 
desirable for lignified tissues, as they are rendered yet harder by the 
use of these reagents. 

Il. Destltctfication, etc—Woody tissues usually contain more or 
less silica and other mineral deposits which render sectioning difficult 
or impossible. Hence it is of primary importance that these substances 
be removed as thoroughly as possible. For this purpose dilute hydro- 
fluoric acid is indispensable. A 10 per cent. aqueous solution of the 
commercial acid is most useful. This may be kept in a bottle coated 
internally with a thick layer of hard paraffin. ‘The blocks of material 
are transferred directly from the water in which they were boiled, or 
from the 80 per cent. alcohol and iodin, as the case may be, and are 
kept in the acid three or four days, with one or two changes of the 
acid and frequent shaking of the bottle. Wash out the acid thoroughly 
in running water for two to four hours. This treatment frees the 
tissues completely of all mineral deposits, while the organic structure 
remains unaffected. It has been shown?’ that cellulose, constituting the 
cell-walls of plants, when freed from mineral deposits is of practically 
uniform hardness, regardless of the plant or part of the plant in which 
it may occur. ‘This hardness is about equal to that of muscovite, while 
the tissues in their natural condition often are equal in hardness to 
calcite, fluorite, or even opal. Hence it is evident that the usefulness 
of hydrofluoric acid in this connection can scarcely be overestimated. 

L111. Dehvdration.— Vhe water must be again removed from the 
material by passing it through alcohols of grades 30, 50, 70, go per 
cent., and absolute, allowing twelve hours in each grade. At least one 
change of absolute alcohol is usually desirable, as complete dehydra- 
tion is of the first importance. ‘The remaining air should be removed 
from the blocks when they are in 60 or 70 per cent. alcqhol, by means 
of the vacuum pump. 

IV. Jnfiltration with celoidin.— Make a series of celloidin solutions 
by dissolving Schering’s celloidin (Schering & Glatz, New York) in 
equal parts of ether and synthol or absolute alcohol. There should be 
ten grades: 2, 4, 6, 8, 10, 12, 14, 16, 18, and 20 per cent. For the 2 
per cent. solution take two grams of celloidin to 100 of the ether and 
synthol, or ether and absolute alcohol mixture. For 4 per cent. take 


2Qrr, EMMA, Beitrage zur Kenntniss der Harte vevetabilischer Zellmembranen. 
Vesterr. Bot. Zeitschr. 50: 237-241. 1900. 
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tion added to it to keep it of a deep brown color. Moderate heat 
Sor GS. hastens the process. Chromic acid and chromates, though 


extremely useful fixing agents for certain kinds of objects, are not at all 
desirable for lignified tissues, as they are rendered yet harder by the 
use of these reagents. 

Il. Destlictfication, etc.—Woody tissues usually contain more or 
less silica and other mineral deposits which render sectioning difficult 
or impossible. Hence it is of primary importance that these substances 
be removed as thoroughly as possible. For this purpose dilute hydro 
fluoric acid is indispensable. A tro per cent. aqueous solution of the 
commercial acid is most useful. This may be kept in a bottle coated 
internally with a thick layer of hard paraffin. ‘The blocks of material 
are transferred directly from the water in which they were boiled, or 
from the 80 per cent. alcohol and iodin, as the case may be, and are 
kept in the acid three or four days, with one or two changes of the 
acid and frequent shaking of the bottle. Wash out the acid thoroughly 
in running water for two to four hours. This treatment frees the 
tissues completely of all mineral deposits, while the organic structure 
remains unaffected. It has been shown?’ that cellulose, constituting the 
L cell-walls of plants, when freed from mineral deposits is of practically 
uniform hardness, regardless of the plant or part of the plant in which 
it may occur. ‘This hardness is about equal to that of muscovite, while 
the tissues in their natural condition often are equal in hardness to 
calcite, fluorite, or even opal. Hence it is evident that the usefulness 
of hydrofluoric acid in this connection can scarcely be overestimated. 

lll. Dehydration.—'Vhe water must be again removed from the 
material by passing it through alcohols of grades 30, 50, 70, 90 per 
cent., and absolute, allowing twelve hours in each grade. At least one 
change of absolute alcohol is usually desirable, as complete dehydra- 
tion is of the first importance. ‘The remaining air should be removed 
from the blocks when they are in 60 or 70 per cent. aleqhol, by means 
of the vacuum pump. 

IV. /nfiltration with celloidin — Make a series of celloidin solutions 
by dissolving Schering’s celloidin (Schering & Glatz, New York) in 
equal parts of ether and synthol or absolute alcohol. There should be 
ten grades: 2, 4, 6, 8, 10, 12, 14, 16, 18, and 20 per cent. For the 2 
per cent. solution take two grams of celloidin to roo“ of the ether and 


synthol, or ether and absolute alcohol mixture. For 4 per cent. take 


2Qrr, EMMA, Beitrage zur Kenntniss der Harte vevetabilischer Zellmembranen. 


Oesterr. Bot. Zeitschr. 50: 237-241. 1900. 














458 BOTANICAL GAZETTE [JUNE 


four grams to 100“, and so on, through the series. Synthol (Bausch 
& Lomb Optical Co., Rochester, N. Y.) is a better solvent of celloidin 
than is absolute alcohol, and when it is used two more grades of cel- 
loidin— 22 and 24 per cent.— may well be used.’ 

Transfer the blocks from absolute alcohol to the 2 per cent. solution 
celloidin. Seethatthe bottle is almost filled, then wire or clamp the stop- 
per firmly in place, and put the bottle on its side in an ordinary paraffin 
bath at 50° to 60° C. for twelve or eighteen hours. ‘Then cool the 
bottle quickly in cold water, taking care that the water does not get 
into the bottle. Next pour out the 2 per cent. celloidin solution and 
replace it with the 4 per cent. solution. Proceed in the same way with 
this and all the following grades of celloidin, up to the most concen- 
trated, and when this grade is reached it is to be gradually thickened 
by adding a few chips of dry celloidin from time to time, until the 
mixture in the bottle is quite stiff and firm. With a pair of forceps 
the blocks are now to be pulled out of the bottle, each with a coat of 
celloidin adhering, and are to be put into a bottle of chloroform to 
harden for twelve hours. From this they are transferred to a mixture 
of equal parts of g5 per cent. alcohol and glycerin, where they should 
remain for a few days before cutting, and where they will keep for an 
indefinite period. ‘The time given to the process of infiltration should 
in no case be shortened, except for very small objects. An increase of 
the time is often advantageous. 

V. Sectioning.— The sliding type of microtome is a necessity in the 
cutting of celloidin material. The best pattern is the Thoma, as 
recently adapted, at the suggestion of Dr. Jeffrey, for cutting hard 
tissues. The knife should be extremely hard, as supplied for this pur- 
pose by Jung of Heidelberg, and should be kept honed to a keen, 
smooth edge. It is best to grind and hone the knife with a back, in 
order that the edge may not be too thin. ‘The blade of the knife should 
have a dip of about ten degrees in the holder, and should be set more 
or less obliquely to the line of motion, according to the nature of the 
material, so as to make a long sliding cut. All bearing surfaces should 
be thoroughly cleaned with ether and then flooded with the best qual- 
ity of oil each time the microtome is set up for use. ‘The block of 
material, if very hard or large, is to be clamped in a special object- 
carrier (as supplied by Jung), in such a way as to give the desired plane 


of section. Smaller and softer objects may be cut on the ordinary 


? The celloidin solutions may be used repeatedly, and should be kept in bottles 


lying on their sides, to prevent excessive evaporation and concentration of the solutions. 
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object-carrier. ‘The object-holder in the latter instance consists of a 
tube of thin metal, plugged with hard wood. ‘The end of this wooden 


plug is thoroughly coated with celloidin by dipping it repeatedly in 
} per cent. celloidin and drying in the paraffin bath. The block of 
material is attached to this holder by means of a drop of the 4 per 
cent. celloidin. One face of the block must be trimmed flat and freed 
from glycerin before applying it to the moistened surface of the 
holder. It will set firmly in a few minutes. Run the carrier slowly up 
the ways by means of the feed-screw, cutting off the celloidin and 
trimming the block to the desired level. Do not cut thick pieces from 
the block with the microtome knife, as the latter is very apt to be 
injured in this way. Adjust the feed-mechanism to give the desired 
thickness, and then with a camel’s-hair brush flood the knife with oo 
per cent. alcohol, and, holding the brush lightly on the top of the 
object, float the section out upon the knife. A slow, steady stroke of 
the knife generally gives the best results. The section is then removed 
from the knife by means of the brush, and is to be kept in go per cent. 
alcohol until needed for the next step in the process. The thickness 
of the section must depend upon the purpose for which the sections 
are made. For ordinary study with the microscope, rom is usually 
quite thin enough, but for photomicrography it is often desirable to 
have sections as thin as sp or even less. 

VI. Staiming and mounting. l'o prepare the sections for staining 
and mounting, it is usually most convenient to remove the celloidin at 
once by placing the sections for ten or fifteen minutes in ether, then 
wash in g5 per cent. alcohol, after which they may be transferred to 
water, stained, cleared, and mounted in the usual way. One of the 
most useful stains is the haematoxylin-safranin double stain. First 
stain the sections to a fairly dense purple in an aqueous solution of 
Erlich’s haematoxylin; wash in dilute aqueous solution of calcium or 
sodium carbonate, and then in two changes of distilled water. Adda 
few drops of alcoholic solution of equal parts of Griibler’s alcoholic 
and aqueous safranin, and stain to a rich red. A fairly dilute stain 
acting for one or two hours will give better results than a more con- 
centrated stain acting for a shorter time. ‘Transfer the sections directly 
to absolute alcohol, dehydrate rapidly, and transfer to xylol, benzol, 
or chloroform, and mount in Canada balsam (which has been pre- 
viously thoroughly dried) dissolved in xylol, benzol, or chloroform. 
Sections should be cleared in the same kind of liquid as is used for 


dissolving the balsam in which they are to be mounted. 
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An extremely satisfactory stain for photographic purposes is the 
iron-alum haematoxylin of Heidenhain. ‘The method with this stain 
is given in full by Chamberlain.’ We find it desirable to wash the 
sections repeatedly in distilled water after using the iron-alum, before 
placing them in the haematoxylin. ‘This stain is especially useful in 
the study of wood sections. A contrast stain of safranin nay be added 
if desired, but it is of doubtful value for practical purposes. 

It frequently happens, as in sectioning buds, ovaries, etc., that it is 
necessary to preserve the celloidin matrix of the section in order to 
prevent displacement of the otherwise separate parts of the section. 
In this case the sections are transferred directly from go per cent. 
alcohol to water, and are stained as usual. Dehydrate in a mixture of 
absolute alcohol and chloroform, clear and mount. The chloroform 
counteracts the solvent action of the absolute alcohol, and preserves 
the celloidin film perfectly.’ 

VII. Sertal secttontng.—In order to make serial mounts by the cel- 
loidin method, the sections are cut in the following mixture, instead of 
in go per cent. alcohol: go per cent. alcohol 85 parts, glycerin 15 
parts. As the sections are cut they are to be arranged on a piece of 
smooth, thin paper. As soon as the alcohol has evaporated from the 
sections, turn the slip of paper face down upon a slide which has been 
coated with albumen fixative,add several layers of paper,and press the 
whole firmly down upon the slide by means of a photographic squeegee 
roller; then put another slide on top of the layers of paper, clamp 
all together by suitable spring clips, and place in the paraffin bath 
to dry for not more than twelve hours. <A longer time than this 
renders the celloidin more or less insoluble. ‘The paper may now 
be stripped off, leaving the sections firmly attached to the slide. Pass 
the slide through alcohol, ether, alcohol, stain, etc., as with separate 
sections. 

The most important steps in this method are desilicification and 
dehydration of the material. With due attention to these points, and 
with a proper allowance of time for infiltration, the hardest tissues 
may be put in perfect condition for sectioning. 

The method is found to be of special value wherever it is desirable 
to reproduce with absolute fidelity by means of photomicrography the 
appearance of skeletal and other hard tissues of plants. ‘The greatest 
usefulness of the method, however, is in connection with the teaching 
of morphology and histology, insuring as it does the absolute uni- 


3 CHAMBERLAIN, C. J., Methods in plant histology, p. 38. 
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formity of sections for the entire class, thus greatly facilitating the work 
of instruction, and conserving the energy of both instructor and 
student.—AMoN B. PLowMAN, Harvard University. 


ANATOMICAL NOTES ON CERTAIN STRAND PLANTS. 
CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY. LVIII. 


THE following notes embody the results of a comparative study of 
the leaf anatomy of certain plants occurring on the Atlantic coast in 
the vicinity of Woods Hole, Mass., and also near Lake Michigan in the 
vicinity of Chicago, Ill. Several of the plants are typical strand 
plants, ¢. g., Cakile americana; others frequently or even generally 
occur at a greater distance from the shore. A similar study ot French 
strand plants has been made by Lesage,’ and the results recorded in 
the present paper largely confirm those of the earlier writer. 

1. Plants growing in the maritime situation are found to have 


thicker leaves than the same species growing inland. 


‘THICKNESS OF LEAF IN MM, 
Plants 

Inland Maritime 
Cakve GMeTICANS. «cc 5 6650 0.76 se 
Lathyrus maritimus......... 0.25 0.32 
Euphorbia polygonifolia.... 0.28 0.38 
Xanthium canadense........ 0.39 0.60 
Atriplex hastata..... eee 0.19 0.49 
Hibiscus Moscheutos....... 0.13 0.23 
Convolvulus sepium .. Satte 0.24 0.31 
Solanum nigrum............ 0.31 0. 37 
Polygonum aviculare........ 0.15 0.27 


he foregoing measurements represent average thickness of differ- 
ent leaves and different parts of leaves. Since the Lake Michigan 
specimens were collected in June and the Woods Hole specimens in 
July and August, it was thought that the difference in time of collection 
of the inland and maritime material might introduce a source of error. 
Accordingly additional specimens of several species were secured in the 
Lake Michigan region in October, and these yielded the same measure- 
ments as those collected in June. It will be seen from the table that 
in some cases the maritime form is only slightly thicker than the inland 
form, while in other cases the former is nearly twice as thick. Measure- 


™Rev. Gén. Bot. 2:55. 1890. 
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ments of fourteen species found only on the seashore or in the adjoin- 
ing salt marshes showed that most of them possess thick leaves, while 
several cases merit the term succulent, ¢. ¢., dvenaria peploides (thick- 


ness 3""); in this plant and several others the stem also partakes of the 
fleshy character. 

2. This increase in thickness of the leaf is always due, at least in 
part, to an increase in thickness of the palisade layer; for example, in 
Xanthium canadense and Atriplex hastata the palisade is about twice as 
thick in the maritime form as in the inland form. 

3. In some cases the number of palisade layers is increased in the 
maritime situation; for instance, Covvolvulus sepium has two layers in 
the inland form, but three in the maritime. 

4. Several species, such as Atriplex hastata, Nanthium canadense, 
and Polygonum aviculare, show a tendency to the isolateral form on 
the seashore, while they are distinctly bifacial when growing inland. 
In Xanthium the cells of the spongy parenchyma adjoining the lower 
epidermis are irregular in the inland form, but in the maritime form 
are elongated in a direction at right angles to the surface, forming a 
true palisade, which is more lacunar, however, than that on the dorsal 
side of the leaf. The only plant which showed the isolateral structure 
in both habitats is Cakile; this showed merely an increase in the num- 
ber of layers of palisade cells in the maritime form. However, of the 
fourteen distinctly maritime plants mentioned above, only three showed 
the bifacial structure, viz., Zégusticum scoticum, Artemisia Stelleriana, 
and Sadséatia stellaris ; so that the isolateral structure seems to be typical 
of the maritime condition.” 

5. A marked increase in compactness of the mesophyll was observed 
only in Convolvulus sepium ; several other species showed this character 
in a very slight degree. 

6. Turning to the epidermis, the outer wall was found to be from 
one and a half to two times as thick in the maritime form as in the 
inland form in Cakile americana, Lathyrus maritimus, and Atriplex has- 
tata, but did not exceed 7p in any of these cases. 

7. The surface was found to be rougher in the maritime form in 
the case of Luphorbia polygonifolia and Atriplex hastata. 

8. A noteworthy observation is the presence of hairs in the mari- 
time form of Lathyrus maritimus and Convolvulus sepium, while no 
hairs were found in the inland form. The Convolvulus material col- 
lected on an exposed gravelly shore at Woods Hole showed long stiff 


2 WARMING, EuG., Halofyt-Studier 247. 
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dead (protective ?) hairs and knob shaped partly sunken glands; the 
inland form showed only the glands. None of the true halophytes 
showed slender dead hairs, though a few, such as Buda marina, possess 
glandular hairs. Avrtemeista Stelleriana, found in the same habitat as 
Convolvulus, has a dense covering of long silky hairs. 

g. The stomata were examined with respect to distribution on the 
two surfaces, level with regard to the surface, and form. ‘The only 
significant point observed is the presence of a few stomata on the upper 
surface of Convolvulus in the maritime form, while stomata are confined 
to the lower surface in the inland form. ‘This observation does not 
support the accepted view that conditions on the maritime strand are 
essentially xerophytic, for so-called xerophytic leaves usually have 
stomata only on the under surface. Moreover, out of twenty-four 
species found near the shore at Woods Hole, all but three (viz., Zégus 
ticum scoticum, Artemtsia Stellertana,and Sabbatia stellaris) have stomata 
on both surfaces. In seventeen species the stomata are level with the 
surface, in three sunken less than half the thickness of the epidermis, 
in four (viz., Auphorbia polygontfolta, Atriplex hastata, A. arenaria, and 
Polygonum maritimum) sunken half or more than half the thickness of 
the epidermis. 

‘The differences noted in the foregoing paragraphs point with few 
exceptions to a more xerophytic structure in the leaves of the maritime 
specimens than in those of the inland specimens of the same species. 
Since most of the conditions on the strand of Lake Michigan are very 
similar to those on the Massachusetts coast, it is natural to look to 
presence of salt in the soil or in the air as the cause of the differences 
observed. ‘To further test this point specimens of Solidago sempervirens 
were collected from stations (1) as near as possible to the strand, (2) 


one hundred feet back from the water’s edge, on the slope of a hill, (3) 


) 
on the edge of a marsh bordering a brackish pond. ‘The leaves pre- 
sented the same structure in all three cases, but the average thickness 
was as follows: from (1) 0.50"", from (2) 0.36"", from (3) 0.56 


‘There are evidently several factors of which account must be taken in 
dealing with figures such as these, but the observation seems plainly to 
support the assumption that the amount of salt present influences the 
thickness of a leaf. Measurements were also made of leaves of Sta/ice 
Limonium collected from four situations whose salt content was estima- 
ted by titration with silver nitrate. The results of this set of experi- 
ments show a general correspondence between thickness of leaf and 


saltiness of substratum, but the results are not altogether trustworthy 





404 BOTANICAL GAZETTE [JUNE 


because of the inconstancy in amount of salt in a salt-marsh during the 
growing season.— M. A. CHRYSLER, Zhe University of Chicago. 


CHROMOSOME REDUCTION IN LILIUM CANADENSE. 


THE investigations, a brief résumé of whose results is given below, 
were carried on upon the dividing pollen mother-cells of Lz/éum 
canadense \.., collected in the vicinity of Madison during the past five 
summers. A fuller account, with figures, is practically completed, but 
as it must be some time before it appears in print, and as the results are in 
some points quite different from those obtained by any previous 
observer, it seems advisable at this time to publish a brief statement of 
my observations. 

After the completion of the division which forms the pollen mother- 
cell, there is a long period during which the cell and nucleus increase 
greatly in size. ‘The nucleus contains during this period, in addition 
to the nucleoles, numerous irreguiar masses of considerable size, con- 
nected by narrow strands or fibers, the whole forming an extremely 
irregular network. In preparations stained with Flemming’s triple 
stain, the larger masses show an affinity for the safranin, the fibers for 
the violet. There are also numerous short, fine, blue-staining fibers 
attached to the larger bodies, giving the network a ragged appearance. 

This general arrangement persists until just before the passage of 
the nucleus into the condition of synapsis, when the blue-staining 
fibers begin to grow longer and to become more uniform in thickness; 
at the same time the larger masses or knots decrease in size. While 
these changes are going on, it is evident in many portions of the net- 
work that two fibers lie side by side and parallel; sometimes such 
parallel strands are attached at their corresponding ends to the same 
red-staining mass. While this rearrangement or pulling out of the 
nuclear material into threads is going on, all of the chromatic nuclear 
substances become massed against one side of the nuclear membrane, 
resulting in the synaptic figure so often described. The formation of 
the spirem is not fully completed until after the occurrence of this 
eccentric massing; there is, therefore, in this case no “dolichonema” 
stage preceding synapsis. 

As has been said, while the spirem is being formed, it is seen in 
many places to consist of two parallel threads; and this continues to 


be the case until all of the staining substance within the nucleus, 


excepting the nucleoles, has been distributed along the spirem. In 
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other words, the spirem is double; and its double nature results, not 
from an early longitudinal split, but from the presence of two separate 
and distinct threads. 

The two threads are in general parallel; in many places they are 
loosely twisted about each other, in others they diverge more or less 
widely. Almost immediately after their complete formation they 
approach each other more closely, become appressed and twisted about 
each other,and finally fuse into a single thread whose appearance gives 
no evidence of its double origin. 

After the formation of the two threads and before their fusion, each 
one shows in favorable material (especially if stained with Heidenhain’s 
iron-alum-haematoxylin) a differentiation, noted by many writers, into 
darkly-staining chromatin bodies (chromomeres) and a more lightly- 
staining ground substance, or linin. As the threads approach each 
other, they become so arranged that in general, though with occasion: 
exceptions, each chromomere in one thread lies opposite one in the 
other thread; and the fusion of the threads is followed by a fusion of 
the chromomeres in pairs. ‘The single thread formed by the fusion 
then contains a row of chromomeres which show no sign of their 
double origin; but each original chromomere, as well as each one 
resulting from the fusion, is plainly made up of a large number of 
smaller granules. 

This fusion of the threads and of the chromomeres occurs very 
early in the period of synapsis; but after the fusion the synaptic con- 
dition persists, certainly for days, perhaps for a week or more. ‘Toward 
the end of this period, the aggregation of the spirem becomes gradu- 
ally looser, and there follows a stage in which the thread is very evenly 
distributed throughout the nuclear cavity, and is in contact with the 
nuclear membrane at very many points. 

While the spirem is in this distributed condition, it becomes longi- 
tudinally split, the splitting of the thread being preceded by a fission 
of each chromomere. ‘The halves of the split thread are much twisted 
about each other, and, except for the manner of its distribution within 
the nucleus, the appearance of the spire at this stage is in all respects 
strikingly similar to its appearance immediately before the original 
fusion. 

There now ensues another change in arrangement; the thread is 
drawn inward from many of its points of contact with the nuclear 
membrane, and the greater proportion of its mass becomes aggregated 


in the central portion of the nuclear cavity, giving rise to a figure 
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which recalls that of synapsis. This later stage of aggregation was 
figured and described by Miss Sargant ('96, ’97) as a ‘second 
synapsis;” and it is the stage described as synapsis by Ernst (’o2), 
who apparently did not see the synapsis stage, properly so-called. 

Those portions of the split thread which lie in the peripheral region 
of the nucleus at this stage consist of loops which originate in, and 
return to, the central mass. The number of such loops is twelve. 
‘Transverse segmentation now occurs by the breaking apart of each loop 
in its peripheral region; each chromosome when first formed has its 
ends, therefore, at the periphery, and its median portion involved in 
the apparently tangled mass in the center of the nucleus. ‘This is the 
general rule; but sometimes a chromosome lies comparatively free 
from its fellows, so that it can be followed throughout its length. 

An arrangement of the spirem into loops just before segmentation 
has been found by Schaffner (’97) in the macrospore mother-cell of 
Lilium philadelphicum, and by Farmer and Moore (’03) in the heter- 
otypic divisions of both animals and plants; but, according to their 
descriptions, segmentation occurs somewhere in the central region of 
the nucleus, so that the peripheral portion of each loop becomes the 
central part of one of the newly-formed chromosomes. ‘The looping, 
as they conceive it, is preparatory to the bending of each chromosome 
into two closely appressed arms, which are destined to be separated in 
the metaphases by a transverse fission. My figures agree with those 
of both Schaffner and Farmer and Moore as to the formation of the 
loops; but it is certain that in Z7/7um canadense a loop does not repre- 
sent that part of the spirem which is destined to form a chromosome ; 
but that, on the contrary, the peripheral portion of the loop marks the 
region in which the separation between two adjacent chromosomes 
is to occur. The looping, therefore, has nothing to do with a folding 
or bending of the chromosome, which, in fact, according to my observa- 
tions, never occurs. 

It will be seen that each chromosome consists, from the time of 
its formation, of two portions, the products of a longitudinal split- 
ting, which are twisted about each other. ‘This double nature per- 
sists throughout the period of shortening of the chromosomes, down 
to the time of separation of the daughter chromosomes in the meta- 
phases; the separation in the heterotypic division, therefore, is along 
the line of the longitudinal fission which the spirem underwent before 
its segmentation. 


My observations as to the history of the chromosomes after seg- 
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mentation, and as to the method of their separation, are in harmony 
with the more recent results of Strasburger (’00) and Mottier (03). When 
the equatorial plate is formed, the majority of the chromosomes are 
attached at or near one end to the spindle; but a few are attached at 
the middle or at some point between the middle and one end. In the 
commoner case, that of the attachment at one end, the daughter chro- 
mosomes separate from each other as straight rods; but just before the 
completion of the separation, each daughter chromosome splits longi- 
tudinally, the halves diverging at their equatorial ends and remaining 
in contact by the ends directed toward the pole, giving a V-shape to 


the daughter chromosome. It is often evident that this second longi- 


tudinal split extends the full length of the daughter chromosome, the 
granddaughter chromosomes so produced remaining in contact, how- 
ever, at their polar ends. 


In the separation of the halves of a chromosome whose attachment 


is at or near the middle, each daughter chromosome becomes bent at 


the point of attachment and assumes, during the separation, a U or 
V-shape. When, therefore, the second longitudinal split occurs, such a 
daughter chromosome is divided into two V’s 


at their angles. 


, Which remain in contact 
This variation in the appearance of the daughter 
chromosomes, due to the method of their attachment to the spindle, 
has been responsible for much of the confusion that has existed regard- 
ing the nature of the heterotypic division in plants. 

\fter the gathering of the daughter chromosomes at each pole of 
the spindle, they become curved, bent, and crowded together into a 
dense mass, about which a nuclear membrane is formed. ‘The curving 
is such that a free end of one granddaughter chromosome (turned 
toward the equatorial plane of the spindle) comes into contact with a 
corresponding end of another chromosome. Whether these ends 
become tused, forming a continuous spirem, I have been unable to 
determine. At any rate, very early in the prophases of the homoeotypi« 
division, some time before the disappearance of the nuclear membrane, 
the thread loosens and spreads apart to some extent, and it is then seen 
to be composed of segments, which have the shape of V’s with curved 
arms, and which occupy exactly the same position as did the daughter 
chromosomes in the anaphases of the preceding division. ‘There can 
be no doubt, I think, that the V-shaped chromosomes of the homoeoty pic 
division are identical with the daughter chromosomes of the heterotypic 
division. 


These V shaped chromosomes become arranged in the equatorial 
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plate with their angles turned toward the interior of the spindle, and it 
is often evident at this stage that the arms of a V are not fused, but are 
simply in contact at the angle. Sometimes more than twelve V’s are 
to be observed. If, as I suspect, this fact is due to the persistence of 
the form of the occasional V-shaped granddaughter chromosomes of 
the previous division, we should expect to find now and then a V-shaped 
daughter chromosome in the metaphases of the homoeotypic division ; 
but I have not as yet observed such figures. ‘lhe separation in the 
metaphases is usually, at least, at the angle of the V, resulting in rod- 
shaped daughter chromosomes which are identical with the grand- 
daughter chromosomes of the heterotypic division. 

If my description be correct of the origin of the single spirem bya 
fusion of two originally separate threads, an explanation is offered for 
the sudden appearance in the heterotypic division of the reduced num- 
ber of chromosomes. Each nucleus of the plant or animal, in preparing 
for division, forms a spirem, composed of substances derived in equal 
proportions from the male and female parents. ‘There is no fusion of 
these hereditary substances thoughout the life history of the individual, 
until the initiation of nuclear division in the spore mother-cells in the 
case of plants, or in the primary spermatocyte or the primary oocyte in 
the case of animals. In the prophases of this division, the two portions 
of the spirem, each derived ultimately from one of the parent germ 
cells, become applied to each other and fuse into a single thread, so 
effecting the mixture or interaction of hereditary qualities which was 
provided for by the fusion of the sex cells at the beginning of the 
life-cy« le. 

As I have said, the chromomeres fuse in pairs; but just what this 
fusion involves as regards the smaller units which make up the chromo- 
meres is a problem which at present perhaps cannot be solved by direct 
observation. If we adopt the hypothesis, frequently advanced, that the 
transmission of hereditary qualities is a function of the chromomeres, 
or of their component units, a very interesting parallel may be traced 
between the observed facts above described and the results of recent 
experimental studies of hybridization. A discussion of this and of 
related questions will be deferred until the appearance of the complete 
paper. 

It is interesting to note that De Vries (’03) has recently concluded, 
upon hypothetical grounds, that before their separation in the hetero- 
typic division the chromosomes lie side by side in pairs, each pair con- 


sisting of a paternal and a maternal segment; and that, in this condition 
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of intimate contact, a mutual interaction, or even an interchange of 
hereditary units occurs. The pairing of the parental chromosomes 
postulated by De Vries may be conceived to be effected by the method 
described by Farmer and Moore (’03), who hold that each apparently 
double chromosome is formed by a transverse bending of one of the 
original segments of the spirem. Ifit be maintained that one of the seg- 
ments which thus folds upon itself represents a paternal and a maternal 
chromosome attached end to end, it would seem to follow that in the 
spirem of a somatic mitosis the parental elements are arranged in 
regular alternation. If the views expressed in the present paper be 
correct, it is more probable that the chromosomes derived from the 
male parent are attached end to end to form a thread, and that those 
from the female parent are arranged into a similar thread ; and that ina 
somatic mitosis these two threads in turn unite by their ends to forma 
continuous spirem. 

Ihe peculiarities of the heterotypic division described by Rosen- 
berg (o4) in a hybrid Drosera, in which ten single and ten double 
chromosomes appear, may be accounted for by supposing a fusion of 
the two parental portions of the spirem in the early prophases. ‘The 
portion derived from one parent, containing only ten segments, would 
extend only half the length of the other portion, containing twenty 
segments; the thread on segmenting would therefore give rise to ten 


] 
| 


segments of double thickness and ten of single thickness, the latter 


perhaps incapable, in this division at least, of longitudinal splitting. 


CHARLES KE. ALLEN, Oniversttyv ef Wisconsin, Madison, Wrs 


NoTe,--Since the above was written, there has appeared a further 
account by Rosenberg ('o4 a) of the post-synaptic processes in Drosera. He 


is convinced that there is a fusion of the chromosomes side by side during 


the spirem stage. Strasburger (‘o4), on the other hand, has described in 


lifferent method of conjugation of the paternal and 


Phalictrum a quite 
maternal chromatin in entire independence of the linin. <A. and K. E. 
Schreiner (‘o4) have found a fusion and subsequent splitting of the spirem, 
substantially identical with the processes [ have described, in the spermato 
genesis of Myxine and Spinax; and similar results had been previously 
announced by von Winiwarter (‘00) and Schoenfeld (ot) with respect to 


mammalian oogenesis and Spe rmatoyvenesis. 
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CURRENT LITERATURE. 
BOOK REVIEWS. 
Plant breeding. 

A THIRD EDITION of Professor Bailey's Plant breeding* has just been 
issued. ‘The first edition was issued in 1895,? and since that time remarkable 
changes have taken place in our point of view. As the author remarks, 
“these years may be said to have marked a transition between two habits of 
thought in respect to the means of the evolution of plants, from the points of 
view held by Darwin and the older writers to those arising from definite 
experimental studies in species and varieties."" The chief practical results to 
plant breeding have been the recognition that not all variations in plants are 
of equal importance, and the belief that the offspring of hybridization follow 
detinite laws. And yet the author did not feel justified in recasting the lec- 
ture on “The philosophy of the crossing of plants, considered in reference 
to their improvement under cultivation,” finding that it would largely be only 
a matter of rephrasing. The new matter is introduced in lecture IV, the old 
title ‘Borrowed opinions (extracts from representative European writings)” 
being replaced by ‘ Recent opinions: being a résumé of the investigations 
of DeVries, Mendel, and others, and a statement of the current tendencies of 
American plant-breeding practice.”” The title is sufficiently explicit to indi- 
cate the contents, and a compact simple statement of these matters is a boon 
to the general reader. It is a matter of interest to note that a bibliographical 
reference in one of Professor Bailey's papers led DeVries to the dis¢ overy of 
Mendel’s publication, an account of which he published in Igoo. In this 
chapter 1v DeVries himself has written a section on hybridization. 

It isa satisfaction to see that Professor Bailey has not been swept off bis 


] 
yi1- 


feet by the swelling tide of Mendelism. The wild prophecies that the ap} 
cation of Mendel’s law will reduce plant breeding to a science of mathemat 
ical precision find him waiting for proof. Perhaps a good statement of the 
author's attitude is his answer to the question as to what are the great things 
we have learned from these newer studies. 

“(1) In the first place, we have been brought to a full stop in respect to 
our ways of thinking on these evolution subjects. (2) Weare compelled to 
give up forever the taxonomic idea of species as a basis for studying the 
process of evolution. (3) The experimental method has finally been com- 

'BaILeY, L. H., Plant breeding, being five lectures upon the amelioration of 
domestic plants. Third edition. pp. xili-+ 334. New York: The Macmillan Com 
pany. 19C4. 

2See Bor. GAZ. 21:175. 1896. 
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pletely launched and set under way. (4) We must study great numbers of 
individuals and employ statistical methods of comparison. (5) The doctrine 
of discentinuous evolution is now clearly before us. (6) We are beginning to 
find a pathway through the bewildering maze of hybridization.’’-—J. M. C. 


River plankton. 


Ina Bulletin of the [linois State Laboratory of Natural History,3a bulky 
volume of something over five hundred pages, we have by far the most 
important contribution yet made to the subject of potamoplankton. There 
have been many extended series of observations on the plankton of lakes, but 
river plankton has received very little attention. This has been partly 
because of the greater richness of limnoplankton, partly because the prob- 
lems of limnoplankton are simpler than those of potamoplankton, and per- 
haps of greater interest, and partly, doubtless, because the lakes are more 
important for the production of fish. The greater credit, perhaps, ought to 
be given for the attempt to throw light on the problems of river plankton by 
long continued systematic observations. 

The work centered at Havana on the Illinois River, and collections were 
made, not only in the river, but in neighboring waters, including Spoon 
River, Quiver Lake, Dogfish Lake, Flag Lake, Thompson’s Lake, and Phelps 
Lake. The conditions in the Illinois River are unusual because of the large 
amount of sewage that comes from Chicago and the other cities in its course. 
Spoon River is a typical prairie river with no artificial conditions. ‘The lakes 
examined are all connected with the river at the time of high water, and 
some of them have a permanent connection through the year. Thus the 
work of investigation included a study of the Illinois River, of a river uncon- 
taminated with sewage, and of several shallow bodies of water which were 
filled by overflow from the river and were stagnant for a greater or less part 
of the year. Something over a hundred pages are devoted to a somewhat 
detailed discussion of the geological and hydrographical features of the basin 
of the Illinois. 

The remainder of the work is a discussion of the quantitative investiga- 
tion of the plankton. The methods of collection worked out by Dr, Kofoid 
are somewhat different from those employed at other stations, and the author 
naturally considers them superior. It may be questioned, however, whether 
the methods used in the shallow silt-laden waters of the river could be used 
with advantage in a study of limnoplankton. The centrifuge was used to get 
the plankton into compact form for measurement, and this method seems to 
be the most practical that has yet been devised. 

The study of plankton production was carried out with the most pains- 

3 Koroip, C. A., The plankton of the Illinois River, 1894-1899, with introductory 


notes upon the hydrography of the Illinois River and its basin, Part I. 


(Ouantitative 
investigations and general results. Bull. Ills. State Lab. Nat. Hist. vol. 6. Svo. pp. 


Xvill-- 629. fis. 50. 1903. 
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taking care; and this involved an amount of pure drudgery which only one 
who has undertaken a similar piece of work can really appreciate. Yet one 
must confess to some surprise that after such an enormous amount of work 


in testing methods and in computing collections, the somewhat elaborate dis- 


cussion of the transverse distribution of plankton should be based on only two 


sets of collections. 


At the close of the work the general results are summarized under twenty- 


six heads. In a brief review it is impossible even to state these, but refer 


ence may be made to such as are of most general interest. ‘The horizontal 


distribution of river plankton is practically uniform. ‘The maximum period 


of production is from April to June, but with great irregularities. Generally 


speaking, high water reduces the amount of plankton by dilution, and low 
water increases it by giving time for development of the various forms. So 
’ 


the more or less stagnant waters of the shallow lakes havea greater plankton 


I 


produc ul 


‘Other things being equal, bodies of fresh water free from vegetation 


(submerged macro-flora) produce more plankton than those rich in such 
vegetation.” This statement, 1f proven—and the author makes out a strong 
case is avery important one, If it were shown, as it probably can be, that 
the reduction in plankton in lakes with submerged vegetation is due to lack 
of plankton plants rather than to the small number of plankton animals, the 


generalization might go far toward explaining the greater fish production of 
the reviewer that deep lakes produce 


shallow ikes. It has been shown by 

more animal plankton per square metet than shallow lakes, and that the 
| 

vreater total plankton production of shallow lakes is due to the vegetable 


part of the plankton. It is the animal part of the plankton that furnishes 
most of the food for fish. The surplus of vegetable | lanktongis simply waste, 
Hence, so far as food pro luction is concerned, the shallow lakes have no 


advantage over the deeper ones. But it is a matter of common observation 
that the shallow lakes, with submerged vegetation, are favorable to the pro- 
duction of fish. Is it not probable that the superiority of the shallow lake 
over the deeper one is not in the greater amount of plankton, but in that the 
submerged vegetation furnishes a favorable physical environment in which 
the fish may find hiding places? Probably the submerged vegetation does 
not remove from the water the part of the plankton that is important as food 
for tish. 

In comparing the plankton of the river with that of lakes, the author con- 
siders the river among the more fertile bodies of water. This fertility appears 
vreater, however, because of the author's preference for stating plankton 
amounts in terms of cubic meters. This, of course, is a matter of personal 
preference ; the reviewer prefers to state it in terms of a surface unit, as did 
Hensen in his original plankton work. Especially, if one is to compare the 
fertility of a body of water with that of a piece of ground, the surface unit is 


the only practical one. 
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Two criticisms may be made upon the work asa whole. First, its bulk 
is rather unfortunate, for doubtless many who would be glad to get at the 
ceneral results will hesitate to read so large a book. Second, it would have 
been a great convenience had it been indexed. These are minor criticisms, 
however, for the work is a most important and valuable one. It should per- 
haps be mentioned that, while this work on the Illinois River was planned 
and carried out by Dr. Kofoid, it may, after all, be considered as the direct 
outcome of work which has been carried on by the director of the laboratory, 
Dr. S. A. Forbes, for the past generation.—C. DwiGHT MARSH. 


MINOR NOTICES. 

THE FIRST VOLUME of the Jahresbericht der Vereinigung der Vertreter 
der angewandten Botanik contains several articles of interest from the stand- 
point of applied botany, ADERHOLD‘ reviews the present status of our 
knowledge of Bordeaux mixture, discussing critically the results of Clark, 
Sturgis, Bain, Rumm, and others who have investigated the action of this 
fungicide, both on parasites and host plants. SCHULZE discusses the influ- 
ence of sterilization of soil on plants grown therein. It is found that this 
influence differs both with the character of the soil and with the kinds of 
plants used. The author points out that these factors ought to be considered 
in experiments where plants are grown in sterilized soil. NErESTLER® has 
investigated the occurrence of thein in the tea plant. ‘The substance is found 
present in varying amounts in the leaves, bark, tlowers, fruit, and seeds; in 
fact in all parts of the plant except the roots and wood. An article by 
WIELER’? deals with some little-observed smoke injuries. ‘The author calls 
special attention to poisoning of the soil under trees in the vicinity of smelters 
due to sulfurous acid and other substances dissolved in rain water. ‘This 
poisoning of the soil produces premature autumnal coloration of the leaves, 
especially in the beech. Other articles deal with seed testing and with fer- 
mentation.— H. HASSELBKING. 

THE SECOND PART of Grout’s® JWosses with a hand-lens and microscope 
well sustains the promise of its predecessor, as we judge from advance sheets 
with which we have been favored. The issue completes the Dicranaceae, 
Grimmiaceae, and Ephemeraceae, and presents a good part of the Tortula- 

4 ADERHOLD, R., Der heutige Stand unseres Kenntnisse iiber die Wirkuny und 
Verwert und der Bordeauxbriihe als Pflanzenschutzmittel. Jahresb. Vereinig. Vert. 
angew. Bot. 1: 12-36. 1903. 

S5SCHULZE,C., Einige Beobachtungen iiber die Kinwirkung der Boden-sterilization 
auf die Entwickelung der Pflanzen. 767d. 37-44. 

© NESTLER, A., Untersuchungen iiber das Thein der Theepflanze. 72d. 54-61. 

WIELER, A., Wenig beachtete Rauchbeschadigungen. 767d. 62-78. 
Grout, A. J., Mosses with a hand lens and microscope. Part Il. Imp. Svo, 


pp. 87-166. figs. 36-76. pls. 11-35. Brooklyn: The author. $1.00. 1904. 
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ceae. The plates are remarkably good reduced reproductions of those of the 
Pryologia kuropaea, as are most of the figures, which sometimes cover a half 
page or more, ‘The figures original in this work are well drawn and illustrate 
critical features of various species. ‘The comments of the author will also be 
very helpful to those for whom the book is intended. All in all, the work is 
admirable both in conception and in execution. It is difficult to understand 
how it can be sold profitably at the very low price asked.—C. R. B, 

Ht FACT that an unhealthy or wounded tree is neither ornamental nor 
serviceable dominates every page of the little volume entitled 7%e free doctor 9 
The titles of the three sections into which the book is divided are : tree surgery: 
ornamental; landscaping and floriculture. In the first part, where, how, and 
when to prune a tree are discussed, while the two latter titles deal with the 
problems of landscape gardening. ‘The book is written in a somewhat sensa- 
tional and extravagant style, and it contains numerous statements in regard 
to the physiology and pathology of plants that will seem queer to the scientific 
reader. ‘The volume is intended, however, for the layman, and it will doubt- 
less stimulate him to a better care of his fruit-bearing and ornamental trees. 

C. D. HOWE. 

C, F. MILLSPAUGH "’ has issued the Compositae of his flora of Yucatan. 
In addition to the plates, there are numerous excellent cuts from drawings by 
Miss Agnes Chase, showing a portion of the intlorescence ora single head 
natural size, the achene magnified, and a cross-section of the achene at its 
greatest diameter. The display of the family is somewhat remarkable in that 
there are no large genera among the 58 enumerated. The new species in old 
genera are only three in number (Parthenium, Salmea, Encelia), and a new 
genus (/lagiolophus) of Verbesinae is described by ]. M. Greenman.— J. M.C 

CHE SIXTH FASCICLE of Dalle Torre and Harms’s Genera Siphonogama- 
rin** has just appeared, including genera from Gentianaceae (6492. Genios- 


temon) to Acanthaceae (7937. Mimulopsis).— J. M. C 


NOTES FOR STUDENTS. 
IWANHOFF ™ finds that proteids are not destroyed in the course of alcoholis 
fermentation, because the decomposition of the sugar forms substances which 


inhibit the action of the proteolytic enzymes,—C. R. B. 


DAVEY, JOHN, The tree doctor, a book on tree culture illustrated profusely with 
t 
shotographs. Svo. pp. 88. f#gs. 767. Akron, Ohio: Published by the author. 1902 
I | PI 4 7 
S1.00. 
MitisrauGu, C. F., Plantae Yucatanae (regionis antillanae). Plants of the 


insular, coastal, and plain regions of the peninsula of Yucatan, Mexico, Fasc. 2. 
Compositae (with Agnes Chase). Pp. 85-151. A/s.g and numerous text cuts. Field 
Columb. Mus. Bot. Series 3: no. 2. April 1904. 

DALLA Torre, C. G. DE, and IIARMs, II., Genera Siphonogamarum ad systema 
Englerianum conscripta. Fasc. 6, pp. 401-480. Leipzig: Wilhelm Engelmann, 1904. 


M4. 


1 


2IWANHOFF, L., Ueber das Verhalten der Eiweissstoffe bei der alkoholischen 
Garung. Ber. Deutsch. Bot. Gesells. 22: 203-206. 1904. 
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RENECKE’ has presented a concise review and discussion of several of 
the more recent researches upon the influence of metallic salts upon organisms. 
He well points out that what is most needed now is a study of the effect of a 
large number of salts upon the same organism, so that comparison may be 
instituted. He also calls attention to the fact that the effect of salts upon 
other processes than growth (¢. g., photosynthesis, transpiration, etc.) will 


> 


need to be studied. —— B. E. LIVINGSTON. 


OLIVER," in studying certain unreferred seeds of the Permocarbonif- 
erous, has found that those named Trigonocarpus and Polylophospermum, 
both being of the radially symmetrical type (Radiosperms), agree essentially 
in structure with Stephanospermum and the Trigonocarpons of the English 
Coal Measures, having the broad pollen-chambers, the tracheal mantle, and 
the differentiated testa. The probabilities are becoming stronger that many 
of these numerous unreferred seeds belonged to that anatomically differ- 
entiated group Cycadofilices, and it remains to be seen how much of it will 


ass over into the recently proposed group Pteridosperms.'5— J. M. C. 





ItTis*® has investigated the influence of light and darkness on the rate of 


growth of tl 


e adventitious roots of a number of water plants. His results 
show that the growth of the roots observed is decidedly accelerated by dark- 
ness. The mean result of experiments on the roots of five water plants, viz: 
Myriophyllum proserpinacotdes, M. verticillatum, Lysimachia nummutlaria, 
Ranunculus aqguatilis, and Elodea canadensis, though varying considerably 
among themselves, shows the growth in length in darkness is approximately 
] 


twice that of similar roots in the light. This isa greater acceleration for 


1ess than has been obtained for soil roots.— W. B. MACCALLUM. 





dar} 

APOGAMOUS PROTHALLIA” of Nephrodium, showing remarkable nuclear 
changes that appear to be related to the apogamy in question, are described 
in a preliminary note by Farmer, Moore, and Miss Digby. Binucleate cells 
are frequently present in young prothallia and in such cases at least one con 
tiguous cell is destitute of a nucleus. Nuclei were also seen passing from 
one cell into another and a fusion of nuclei may then take place, though the 


two nuclei often remain separated for some time. Mitoses in apogamous 


BENECKE, W. VON, Einige neuere Untersuchungen tiber den Einfluss von 
Mineralsalzen auf Organismen. Bot. Zeitung 62%: 113-126. 1904. 

+OLIVER, F. W., Notes on Zrigonocarpus Brongn. and Polylophospermum 
Brongn., two genera of palaeozoic seeds. New Phytol. 3: 96-104. fi. 2. 1904. 

See Bor. GAZ. 37: 236 238. 1904. 

Inris, HuGco, Ueber den Einfluss von Licht und Dunkel auf das Langenwach 


stum der Adventivwurzel bei Wasserpflanzen. Bei. Deutsch. Bot. Gesells. 21 : 508 


FARMER, J. B., Moorkg, J. E. S., and Dicsy, Miss L., On the cytology of 


ipogamy and apospory. I. Preliminary note on apogamy. Proc. Roy. Soc. London 


Fz: 453-457. 1903. 
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regions show a much larger number of chromosomes than those of the ordi- 
nary cells of the prothallium. The whole process is regarded as a kind of 
irregular fertilization and the young plantlet as an homologously differentiated 


embryo.—C. J. CHAMBERLAIN. 


\ CYTOLOGICAL STUDY *® of malignant growths known as “ carcinomata 
and ‘‘sarcomata” has shown nuclear details resembling those in normal 
reproductive cells. The cells of the diseased tissue for a time resemble those 
ot early stages in sporogenous tissue; then a varying number of cells, 
situated behind the advancing edge of the diseased tissue, enlarge and under 


vo the heterotypic mitosis, showing the loops or rings characteristic of the 
heterotypic mitosis of normal reproductive cells, and in several cases the 


numbers were approximately halved. Subsequent divisions behind this zone 
show homotypic mitoses, but the reduced number of chromosomes is retained. 
This paper is a preliminary note and does not attempt to make a full appli- 
cation of the results.-C. J. CHAMBERLAIN. 

FARMER and MoorE” are reinvestigating the reduction of chromosomes 
and believe they can reconcile such divergent views as those of Hacker and 
Brauer, They claim that observers, with the exception of Schaffner, have 
not apprehended the mode of formation of the heterotypic chromosomes. 
They believe that synapsis 1s a phase specially intercalated in the reproduc- 
tive cycle, and that in it the number of chromosomes is reduced by their 
adhesion in pairs, The longitudinal division following synapsis is that char- 


acteristic of ordinary somatic division, the separation of the halves being 


deferred until the next mitosis. They believe that the heterotype division is 


different in kind from ordinary mitoses. ‘The full paper, now in preparation, 
will give the evidence upon which their conclusions rest.—C. J. CHAMBERLAIN. 

THE VASCULAR SYSTEM of Pteris aguilina, though examined by every 
elementary student, has been very generally misunderstood. DeBary followed 
Hofmeister in considering the 


veripheral ring of strands to be cortical 


bundles, but Jeffrey” pointed out that these represent the stele, while the two 


f he petiolar strands are 


central or medullary strands are of late origin. ‘1 


derived from both inner and outer strands of the rhizome. Ina recent paper 


by Tansley and Lulham?! the exact connection of the petiolar strands with 


FARMER, J. B., Moore, J. FE. S., and Waker, C. E., On the resemblances 





exhibited between the cells of mal vrowt n man and those of norn repro 
luctive tissues. Proc. Roy. Soc. London 72: 499-504. 1903. 

9 FARMER, J. B., and Moors, J. E. S., New investigations into the reduction 
phenomena of animals and plants. Proc. Roy. Soc. London 72: 104-108. figs. 6. 
IgQo3 


JEFFREY, E. C., The morphology of the central cylinder in the angiosperms. 


Prans. Canadian Inst. 6: 1-40. pls. 7-77. 1900. 


/ 


PANSLEY, A. G., and LULHAM, R. B., The vascular system of the rhizome an 


leaf-trace of Plerts aguilina and Pteris incisa integrifolia. New Phytologist 3:1-17. 
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those of the rhizome has been traced. The writers derive the condition seen 
in P. aguilina from the simpler one presented by P. énuctsa integrifolia, in 
which the infoldings of the petiolar stele are continued down into the rhizome 
as infoldings, while in ?. aguz/ina the infoldings become medullary strands 
in the rhizome.-—M. A. CHRYSLER. 

[HE STIMULATION OF GROWTH by poisons has been studied by Kanda.“ 
He finds that seedlings of Péswm sativum in water culture are not stimulated 
by CuSO, at any concentration. The salt is toxic at a concentration of 
.17/1,000,000,000, When these seedlings are grown in water which contains 
traces of ZnSO, they are stimulated to greater growth, the optimum concen- 
tration lying between .J7/10,000,000 and .I7/1,000,000,000. ‘This salt is toxic 
at 17/1,000,000 concentration. In a similar way NaF is found to stimulate 
Pisum seedlings when at a concentration of 5.17/10,000 to 5.1//100,000. NaF 
is toxic at about 5.7/1,000 concentration. When grown in pots of soil and 
watered with solutions of CuSO, and ZnSO , seedlings of Vécta Faba and 
Pisum sativum show a marked stimulation at a certain concentration. Of 
course the amount of salt cannot here be measured; the fact of stimulation 


alone is noted.—B. E. LIvINGSTON, 


ACCORDING TO RESEARCHES OF GRUsS,*} it is possible to demonstrate 
in veast cells, and in a glycerin extract of them, a substance which splits 


free oxygen from such molecules as hydrogen peroxid, potassium perman 
ganate, and the oxidation products of di- and tetramethylparaphenylendiamin 
chlorid, etc. It is possible to destroy the oxidase in yeast by treatment with 
aceton, after which treatment the power to split oxygen from the above 
bodies is still exhibited to a marked degree. ‘The author was able to sepa- 


rate oxidase from this new body (which he terms peroxidase) by their unequal 


rates of diffusion, If into a mixture of yeast cells rubbed up in glycerin 
strips of filter paper are hung, it is found that the peroxidase ascends in the 
paper much faster than does the oxidase, so that the paper at a certain level 
is found to give no reaction for the latter enzyme, while the presence of 
peroxidase was easily demonstrated. Griiss thinks the new body is probably a 
true enzyme, of opposite action to that of oxidase.—b. IE. LIVINGSTON. 

THE NOTABLE LENGTHENING which takes place in the stipe of Taraxacum 
during the ripening of the seed has often been commented upon, especially 
by the older ecologists. Miyake** has made daily measurements of the 
growing stipe in numerous specimens of several varieties of Taraxacum. 

2]KKANDA, MASAYASU, Studien iiber die Reizwirkung einiger Metallsalze auf das 
Wachsthum hoherer Pflanzen. Jour. Coll. Sci. Imp. Univ. Tokyo 1g: [article 13 


j 


pp. 37+ Pl. 7. 1904. 





23 GRUssS, J., Peroxydase, das Reversionsenzym der Oxydase. Ber. Deutsch. Bot. 


Gesell. 21: 356-364. 1903. 
24 MIVAKE, K., Ueber das Wachstum des Bliitenschaftes von Taraxacum. Beihefte 
Bot. Centralbl. 16: 403-414. A/. 7. 1904. 
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He finds three well-marked stages in the development: (1) a period of 
accelerating growth extending from the appearance of the stipe to the middle 
of the flowering period, 7~to days: (2) a period of slow crowth including 
the last half of the flowering and the development of the seeds, 6-8 days 
(3) a second period of active elongation reaching its maximum 1-2 days 
before the dispersal of the seeds and continuing for a day or two thereafter, 
7-10 days. The greatest daily growth noted in the first stage was 8.9 

and in the third stage ro". The curve representing the “grand period of 
growth’? thus presents the anomaly of having two well-marked maxima. 
lhere seems to be no indication that external factors are responsible, as every 
individual measured, both in Japan and America, gave essentially the same 


results. —G. H. SHULL. 


THE MEMOIR OF F. W. OLIVER “On the structure and affinities of 
Stephanospermum, ' read before the Linnean Society in February of 1 e 
has just appeared. In consequence of the fact that during this long interval 


between the reading of the paper and its publication a remarkable nt 





of discoveries have been made bearing upon the matters of general mor 


phological interest presented by this paper, its information is not so fresh and 


striking as it would have been a vear ago.? In addition to the details in 


reference to the two species ol Stephanospermum considered, attention is 
called to the fact that the presence of a pollen chamber is a remarkably 
uniform character of paleozoic seeds. That this pollen chamber was asso- 
ciated with fertilization by means of swimming sperms seems to be no less 
evident, and it ‘‘reached its zenith in Permo-Carboniferous times. Its decline 
Professor Oliver correlates “with the evolution of pollen-tubes ;"" but it must 
be remembered that there is every reason to believe that pollen-tubes were 


not originally developed as sperm-carriers. “The whole paper is full of 


nter- 
esting details to the morphologist interested in the phylogeny of seed-plants, 
I. M.C 

BowER * has published the results of a study of a single specimen of the 
very interesting Sumatran Ofhioglossum simplex, only three plants of which 
were found by Ridley in 1897. “ The almost complete suppression of any 
trace of a sterile portion of the frond, and the consequent reduction of the 
plant to the very simplest elements, is the most peculiar feature in this 
species’ is a statement from Ridley’s description, Bower found that an 
external examination revealed no part which could be compared with the 
sterile lobe or sporophyll of other Ophioglossaceae, and this was confirmed by 

2 OLIVER, FF. W., On the structure and affinities of Stephanospermum Brongniart, 
a genus of fossil gymnosperm seeds. Trans. Linn. Soc. London. Bot. II. 6: 361-400. 
pls. 41-44. 1904. 

See Bor. GAZ. 37: 230. 1904. 
7 BOWER, F. O., Ophioglossum simplex Ridley. Annals of Botany 18: 205-2106. 


pl. 15. 1904. 
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sections. Accordingly, in his judgment, the “sterile lobe” is completely 
suppressed. It seems to follow either that the plant never had a sub- 
tending sporophyll or that the sporophyll is entirely abortive. The former 
alternative would support the view of the primitive character of the Ophio- 
glossaceae, proposed by Campbell in comparing the ‘spike’ of Ophio- 
glossum with the sporogonium of Anthoceros. Bower is inclined to accept 


the second alternative, and to see ir 


O. simplex an abortion of the sterile 
lamina, regarding the Ophioglossaceae as derivatives from a lycopod type. 
He finds a descending series in the related O. pendulum, O. intermedium, 
and O. simplex, in which there is a decrease of the sterile leaf, and the 
extreme condition of O. s¢mpPlex he thinks ‘may be attributed to the pres- 
ence of mycorhiza, which makes nutrition of the large spike still possible 
in the dense, wet forest in which it grows, notwithstanding that the usual 


assimilating organ is functionally non-existent.’’-—J. M.C. 


HANNIG* has studied the growth of embryos in nutrient solutions out- 
side of the embryo sac. The embryos used were those of Aafhanus satt- 
vus, R. Landra, R. caudatus, and Cochlearia danica, and were isolated 
at various stages in their development from the one-celled condition, 
The object was to determine their ability to utilize various organic foods, 
In the cell-sap squeezed out of the plant and sterilized the embryos refused 
to grow. In nutrient salt solutions they also failed to live, despite the fact 
that all possess plenty of chlorophyll. In cultures of 1o per cent. cane sugar 
in a nutrient salt solution embryos consisting of a single cell at the end of 
the suspensor soon die, but much older embryos grow well. These never 
assume the curved position that they present in the embryo sac but always 
remain straight. They soon lose their chlorophyll, but make and _ store in 
their leaves large amounts of starch, but are unable to form proteid, Young 
plants taken from this sugar solution and planted in sand and watered with a 
nutrient salt solution at once become green and grow and fruit normally, 
which brings out the interesting fact that the embryo is not hindered from its 
normal development by removal from the embryo-sac. In solutions of 1 per 
cent. sugar and varying amounts up to Io per cent, of peptone the embryos 
are unable to produce proteid and the protoplasm finally disappears, as does 
also the chlorophyll. With asparagin as a source of nitrogen only the older 
embryos of Cochlearia came to maturity; all the rest died, as they also did in 
leucin. With glycocoll, which is a favorable source of nitrogen for fungi, no 
growth was obtained, nor on tyrosin. In a decoction of Raphanus plants 
only a temporary growth was obtained. Several other nitrogen compounds 
were used, but in no case could any increase in the total amount of nitrogen 


in the embryos be obtained.—W. B. MACCALLUM. 


HANNIG, E., Zur Physiologie ptlanzlicher Embryonen. I. Ueber die Cultur 


von Cruciferen-Embryonen ausserhalb des Embryosacks. Bot. Zeitung 62':45-So. 
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WILLIAMS,” in continuing his studies in the Dictyotaceae, has described 
the gametophyte generation of Déctyota dichotoma, dealing with the develop- 
ment of egg and sperm, fertilization, segmentation of the fertilized egg, and 
parthenogenesis. ‘The oogonia and antheridia are developed simultaneously 
in fortnightly crops, each crop being initiated a little before the lowest neap 


tide, and reaching maturity about the period of the highest succeeding spri 





tide. A regular succession of crops continues thus from July to the end of 


October. The eggs are liberated for fertilization, and those not fertilized 


within half or three-quarters of an hour become invested by walls and give 
rise to parthenogenetic embryos. The oogonium and antheridium are pro 
duced by the increased growth of surface cells, and after cutting off a 


cell they form respectively a single egg and over 1500 sperms. 





divisions of the antheridium are homotypic, and there are sixteen chromo 
somes. The sperm has a lateral cilium, and there may be a second very 
much reduced cilium, but it is difficult to demonstrate. The eve spot is very 
small, and instead of being at the base of the cilium is generally near the 


anterior end of the beak. After fertilization thirty-two chromosomes appear 


and in the segmentation of the egy there is at first a single centrosome which 
divides, and as the two centrosomes Separate the two s} indle cones also 
diverge, until finally they form a normal spindle. In parthenogenesis the 
nucleolus breaks up into chromosomes, leaving no residual nucleolar matter 
to be extruded into the cytoplasm, as occurs in other mitoses, The mitoti 
figure is very irregular and multipolar; there is no nuclear membrane, and 
a cluster of nuclei is formed, each containing one or several chromosomes. 


These separate into two or more groups, and walls are formed between them. 


The process may go on a little further, but very soon it stops and the embryos 
die. Comparing normal germination with parthenogenesis, it is concluded 
that the entrance of the sperm into the egg causes a centrosome and radia 
tions to appear in the cytoplasm, renders the metabolism of the nucleus far 
more active, introduces into the mitosis a directive influence that is com- 


pletely absent from the parthenogenetic tigure, and prevents the early disap- 


pearance of the nuclear membrane.——]. M. C 

MASSEE® has published an extremely interesting and suggestive paper on 
the origin of parasitism in fungi. The author refers to the experiments of 
Pfeffer and of Miyoshi on chemotaxis, and then shows by his own ¢ x periments 
that the germ tubes of parasitic fungi in general are attracted by decoctions 
of their respective host plants. Thus J/acrosforium Tomato and Clado- 


~ tomato leaves, Ce pora 


sportum fulvum are attracted by decoctions 


melonts is attracted by a decoction of cucumber leaves, etc. Obligate para 


tes are attracted only by the cell sap of the plants upon which the 


Sl 


= 
p 


IWiLLIAMs, J. Lioyp, Studies in the Dictyotaceae. Il. The cytology of the 
gametophyte generation. Annals of Botany 18: 183-204. f/s. 72-74. 1904. 
MAssEE, G., On the origin of parasitism of ft 


London Bb. 197: 7-24. 1904. 
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parasitic; while facultative parasites are attracted by substances, such as 
sugar, common to many plants. That a facultative parasite does not attack 
all plants containing sugar is probably due to the presence of some other 
negatively chemotactic substance in the plant. A state of immunity, there- 
fore, is determined by the presence or absence of chemotactic substance. 
This was actually shown to be the case with an immune cucumber plant 
growing among a number of plants attacked by Dendryphium comosum. Al 
efforts to inoculate this plant failed. The germ tubes of the fungus also 
failed to respond chemotactically to a decoction of the leaves of the plant. 
Miyoshi has shown that by injecting leaves with a sugar solution the germ tubes 
of Penicillium glaucum could be made to penetrate the leaf and grow in its 
tissues. By a similar method Massee has succeeded in growing 77ichothe- 
cium candidum on begonia leaves injected with 2 per cent. sugar solution. 
The spores produced in the first instance were sown on another injected leaf 
and so on for fifteen generations. Sowings from some of the later gener- 
ations of spores were made on leaves not injected, and_it was found that the 
fungus grew and fruited on the leaf; in other words, it had been changed into 
a true parasite in twelve to fifteen generations. In several other instances 
similar experiments were successfully carried out with other fungi and other 
hosts, and several illustrations are given where a similar transition was 
observed in nature. The transition from a saprophytic to a parasitic mode of 
life is thus shown to take place with comparative ease. The possibility of 
wide application of the suggestion embodied in Massee’s work will at once 
appear evident, not only in its relation to parasitism among fungi, but also as 
an explanation of the curious phenomena of heteroecism and symbiosis.— H. 
HASSELBRING, 

STRASBURGER® has made a careful investigation of the origin of the 
embryo sac and development of the prothallium in Zaxus baccata, The 
work was undertaken not with the expectation of making new discoveries, 
but rather in the hope of establishing a firmer basis for comparison with the 
problematical structures of the embryo sac of angiosperms. Each embryo 
sac mother-cell in Taxus is the inner cell of a row resulting from repeated 
divisions of an outer cell of the periblem of the nucellus. The sporogenous 
cells in the nucellus form a group of from three to five contiguous embryo 
sac mother-cells only slightly marked off from the surrounding tissue, which 
in a physiological sense may be designated as a tapetum. The mother-cells 


are formed in October and the winter is passed in this condition, but by the 


end of February they have elongated so that they are readily distinguishable. 
The spring of 1903, when the material was collected, was unusually early, so 
that the pollen was shed by the last of February, and about the same time 

STRASBURGER, EDUARD, Anlage des Embryosackes und Prothalliumbildung 
bei der Eibe nebst anschliessenden Eroérterungen. Reprint from Festschrift zum 
siebzisten Geburtstage von Ernst Haeckel. pp. 1-18. f/s. 7-2. Jena, Gustav Fischer. 
1904. 
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divisions appeared in the embryo sac mother-cell. Cold weather followed 
and all stages of development in the nucellus were suspended until the end 
of April. he mother-cell gives rise to four megaspores arranged in a 
row, though other arrangements are sometimes found, due presumably to 
the shape of the mother-cell. The four megaspores correspond to the four 
microspores formed by a pollen mother-cell, Usually only one of the 
megaspore mother-cells reaches the synapsis stage. The mitotic figure 
at the first division of the mother-cell is plainly heterotypic and 
the number of chromosome pairs seems to be eight. The expected 
sixteen chromosomes were counted repeatedly in vegetative tissues, but 
a smaller number was sometimes found. The second division is homotypic. 


The lowest of the four megaspores is almost invariably the one to germinate, 


but any of the others may develop, and in one case two contiguous mega- 
spores of one row were observed with several free nuclei. Frequently 
more than one megaspore in the nucellus may begin to develop. The 
mitotic figure at the first division in the germinating megaspore is heter- 


otypic, and generally eight chromosomes could be counted. This number 


was also counted at the second division, When the eight-nucleate stage 
is reached the nuclei have begun to assume a peripheral position in the sac, 
but there is no polar grouping as in angiosperm sacs. 


Strasburger calls attention to the fact that Cervalozamia mexicana also hi 


Ss 


eight to sixteen chromosomes, while other yymnosperms, so far as determined, 


have twelve and twenty-four. Many embryo sacs nearly filled with tissues 
were examined to see whether any nuclear fusions occurred which could 
be compared with the fusion of polar nuclei in embryo sacs, but no fusions 
were found. The archegonium initials appear as soon as the embryo sac is 


filled with tissue. 


fter discussing the development of prothallia and fertilization in 
Gnetum, the conclusion is reached that it is not possible to derive the 
embryo sac of angiosperms from that of Gnetum, the resemblances being 
only phylogenetic parallels. The densely staining areas in the embryo sac 
mother-cells of Casuarina and of various gymnosperms were studied in 
Taxus. Though denser, they have the same general structure as the 
trophoplasm. It is suggested that these structures may be useful in dete 
mining the position of Casuarina. 

lhe nuclear fusions which initiate the formation of endosperm in angio- 
sperms are not found in gymnosperms and show no indication of their origin. 
They are not to be regarded as sexual fusions, although, under some 
conditions, the fusion of sister nuclei may be a process of fertilization.—C. J. 


CHAMBERLAIN 





NEWS. 


Dk. HENRY H. D1Ixon has succeeded Professor E. Percival Wright as 
professor of botany in Trinity College, Dublin. 


MARY PERLE ANDERSON, a graduate student of The University of Chi- 


cago, has been appointed instructor in botany in Mt. Holyoke College. 


Dr. H. H. BEnR, professor of botany in the California College of Phar- 
macy, died in San Francisco March 6, in his 86th year. He was the author 


of the “Flora of the vicinity of San Francisco,”’ published in 1888. 


IN HIS ACCOUNT of the forest fires in the Adirondacks in 1903, H. M. 
Suter, of the Bureau of Forestry, reports that over 600,000 acres of timber 
land in northern New York were burned over, culpable carelessness having 
been responsible for the largest part of the fires. 

IN A RECENT NUMBER Of Ser. Deutsch. Bot. Gesells. (Generalversamm- 
lungs-Heft 21:9-66. 1904) the following biographic al sketches are | ublished : 


L. J. CELAKOvskKY, by B. Némec; FRANZ BENECKE, by W. Wieler; ALBERT 
ee 


\IATZ, by P. Graebner; MICHAEL WoORONIN, by S,. Nawaschin; EUGEN 


ASKENASY (with portrait), by M. Mobius. 


PROFESSOR E. L. GREENE has resigned his position at the Catholic 
University of Washington. His very valuable herbarium and library will be 
deposited in the U. S. National Herbarium for a period of ten years. It will 
be moved during June and will be accessible for reference at once.  Pro- 
fessor Greene wiil be an Associate in Botany in the National Museum and 


will have an office in the building. 


THE ANNUAL REPORT of the New York Botanical Garden for 1903 gives 
some conception of the varied interests and great activity of that growing 
establishment. The herbarium is reported to have received an accession of 
84,163 specimens. The privileges of the laboratories, library, and herbarium 
have been granted during the year to forty-six students, including graduates 
of forty different colleges and universities; and the investigations have 
covered a wide range. The work of exploration has been carried on by 
members of the staff and others with remarkable activity, especially among 
the West Indies, collections having been obtained from Cuba, Porto Rico, 
Jamaica, Dominica, Haiti, and Honduras. The Philippine Islands have also 
been invaded, and special collections were made in Arizona and peninsular 


Florida. 
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226, 227, 228, 232, 244, 225. 326, 353. 
10, 3290, 393, 394, 395, 399, 397, 
399 $71, 475, 476, 475, 480; p.r- 
sonal 
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Coupin, H., erreae and, on Sterigmato- 
cystis nigra 231 

Cor Issarea fenpabhiterts 418 
eV. 208; pe ‘rsonal 159; on prepa- 
ration of ‘“*wokas”’ 396; and MacDou- 
‘Desert botanical laboratory”’ 
s. HH. C. 66, ‘ 
220) 307; 312; 315; 3175.393 

Britton and Rose on 234 
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Ba anaes 
73, 226, 228, 









is, Eastwood on 75 
, cretica 58; depressa 58; truxillen- 





Croton pyramidalis 213 

Cucurbita Pepo 243; chemotropism 33; 
root hairs 143 

‘ucurbitaceae, geotropism,Tonderaon 316 

wtism in Alaria nana 147 

pressus, pollen tube, Juel on 229 

‘uscuta, Anthemi 277; epilinum 278 
ycadofilices, Oliver and Scott on 2 7 

y as revoluta, anatomy, Enrico on 398, 





‘ 347 
yperaceae, Holm on 75 
tand aceae, Hemsley on 234 

“ystobacter aureus 14 

1 tology, of Allium 178; chromosome re- 
duction 464; Farmer, Moore, and 
Walker on 477; mycorhiza_ studies, 
Hiltner, Magnus, and Shibata on 77; 
of Pi iris quadrifolia, Ernst on 2; quad- 
ripolar spindle in the Hepaticae 63; of 
Sequoia sempervirens, Lawson on 234; 
Strasburger on 482; of Trillium grandi- 


florum, Ernst on 72 


D 


Dalla Torr , C. G., and Harms, “‘Genera 
Siphonogamarum”’ 475 





Darkness, influence on rate of growth, 
Iltis on 476 

Darwin, F. 81 

Davey, q. “The tree-doctor”’ 175 

Davidia, Hemsley on 390 

Davis, B. M. 72, 74; personal 239, 324 

Delphinium nudicaule, seedlings 3 339; tu- 
bers 337 

Dendryphium comosum 482 

Desert Botanical Laboratory 79 

Desmatodon, Bushii 366; systil/oides 367 

Deutzia, Komarov on 403 

DeVries, H., personal 239, 323, 32 

Dicotyledons, embryology of anomalous 
I origin 330 

Dicranella curvata missourica 364 

Dicranum, alatum 364; Bonjeani alatum 
304 

Dic tyota dichotoma, gametophyte , Wil- 
liams on 480 

Didymascella, Maire and Saccardo on 75 

Didymodon tophaceus decurrens . 6¢ 

Dieteria, coronopijolia 2608 

Digby, Lic, Farmer, Moore, and, on 
apogamy in Nephrodium 476 

Diplosis pini-radiatae on Pinus 448 





Dipsacus sylvestris, glandular hairs, Ros- 
tock on 3216 
Disease, asparagus rust, Smith on 397; 


7 
Swingle on 317; of tobacco wilt, Stevens 


lemon scab 397; of potat es, Smith and 

and Sackett on 227 
Distichlis spicata 426 
Distribution, geographic 36 
Dixon, H. H., personal 484; on ascent of 

Water 229; on temperature of plants 2 
Drosera intermedia 428; reversion, Leavitt 





on 
Drude, O., personal 78, 324 
Dudleya, Britton and Rose on 234 
Dufour, J., death 23 ) 
Dune plants and true halophytes 424 
Duravia, Evans on 234 
Duvel, J. W. T. 146 


i 


Karle, F. S., personal 4o4 

Eastwood, Alice $37; On New spec ies of 
western plants 75 

Katon, A. A., on Equisetum hiemale 75; 


Isoetes 75 


-burophyton, Heller on 40 
chinocystis, Eastwood on 75 
cology of Huron River valle 30 


“gg, in Zamia, nutrition 346 

tlodea canadensis, morphology 1 
“‘mbryo, development in Caulophyllum 
thalictroides 133; in Jeffersonia diphylla 
132; in Podophyllum peltatum 129; of 
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Elodea canadensis 17; growth of, Han 
nig on 48 
-mbryo-sac, in Aster 354; in Taxus bac- 
cata, Strasburger on 482 


Embryology, of anomalous dicotvledons 
127; of Paris quadrifolia and Trillium 


i 
grandiflorum, Ernst on 72 

Encelia, frutescens 273; grandiflora 273; 

Virginensi 


Engelhi 


‘ 

It, H., on fossil plants 319 

\., “ Monographieen afrikanisch 
anzen”’ 226; “ Das Pflanzenreich”’ 
rex ind Prantl’s “Die natirlichen 
Pilanzenfamilien”’ 156, card index 16 








Eenrico, C. V., on anatomy of Cveas revo 
luta and Zamia integrifolia ZO 

Enzyme, new, Herissey on 231 

Equisetum, archegonium 282; Clute on 


$03; germination of spores 60; hiemale, 





Katon on 75 

Erantl hiemalis 337 

Krigeron est ul US 27 gla 
clall nauseosu Wi SUCINOSH 

bei * a Pe coplasm) hypothesi 

S 

Kriog 1, Jone on 75 

Ernst, A., on the embryology and cytology 
of Pari iadrifolia and ‘Trillium gran 
diflorum 72 

Ervsimum, Heller on 403 

scl Itzia, Eastwood on 75 

Kskdalia, K dson on 3 

Euonvmus 135; Sargent on 234 

Kupatorium, Robinson on 209; perjolta 
it? | 

Iu wulata, buried eed 140 


evar \. W., on Hepaticae 234; 0n Hepa 


‘Evolution and adaptation” by Morgan 66 
Ewart, A. J., Pfetfer’s “ Physiology of 


kxperim ntal anatomy, Bonnier on 72 


Fagopvrum esculentum, chemotropism 2% 

Farlow, W. G., personal 15 

Farmer, J. B. 63; Moore, and Digby, on 
apogamy of Nephrodium 1760; Moore, 
and Walker, on cytology 477 

Farneti, R., Briosi and, on Cladosporium 


I gatella conica, Beauverie on 76; Cavers 
on 316 

Fernald, M. L., on Juncace jO2; on 
Kobresia 5 

Kern , anatom’, Gwynne-Vaughn on 71 


devel pm nt of fossil, Scott on 307; of 


Philippines, Underwood On 157;S X or- 
gans 254 

Fertilization, of Aster 358; of Elode: 16: 
of Ric« iocarpus 105 

Finet and Gagnepain, on Clematis and 
Thalictrum 403 

Fink, B., on lichens of Mi nesota 154 

Fisher, W. R., translation of Schimper’s 
“Plant geography”? 392 

Fissidens, Bushii 365; pusillus brevifolius 
365; subbasilaris Bushii 363; taxifolius 


, on physiology of tendrils 321 


t paléobo 


sonal 324; “La 





303 
»hnston on 22 


] 
liche, ., Zeiller at 


d, on fossil Sequoia 


Flowers, of Elodea canadensis, develop 


lent 1; origin of angiosperm, Benson 
on 396; and pollination of primitive an 
flosperms 204 

Fontinalis, Cardot on 154; 
obscura 377; seriata 37 
370 


Forests, and creek flow 130 
HARE 45 
Forestrv, New York State 


(Quarterly 78, 159; strength of American 





timbers 79; University of Michigan 24 
Vermont Association 239; Yale School, 
fire “QO 
Fos il plants, Arber and Newell on 210; 
Engelhardt on 319; Katzer on 18; 
Kerner on 319; Kidson on 319; Oliver 
$79, Poole on 319; Scott on 
lola and Pinus, Zeiller | 
n 230; Seward on 318; Ste | 








Tree planting” 


Foxworthy, F. W , Wiegand ar 








to woody plants in winter”? 395 
Franseria bipinnatifida 433 
Fraxinus, Eastwood on 75 
Fritillaria, Eastwood on 75 
Funaria hygrometrica, archegonium 284 
Fungi, attacking Ricciocarpus 172: Hol 





- ior J ons A 
wavs collection 159; origin of parasit 


ism, Massee on 48 


Ga nepain, Finet and, on Clematis and 
Thalictrum 402 

Gaillardia, gracilis 276; pinnatifida 276 

Galls, on Monterey pine 448; on (Quercus 
leptobalanus, Mattei on gor 

Gametophyte ot Dicty ta dichotoma, 
Williams on 480 

Ganon, W. F. 302 
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Garber, J. F. 161 

Garcke, A., death 404 

Garden, New York Botanical 484 

Gentiana, antipodal tissue, Guérin on 157 

Geotropism of the Cucurbitaceae, Ton- 
dera on 316 

Geranium, carolinianum longipes 56; 
longipes 56 

Gerdts, on anthers of Compositae 157 

Germination of orchids, Bernard on 228 

Giesenhagen, K., ‘‘ Lehrbuch der Botan- 
ik”? 225 

Giglio-Tos, E., ‘“‘ Problémes de la vie” 151 

Gilia, Heller on 234, 403; californica 
glandulosa 447: collina 445; incon- 
spicua 446; millefoliata 447; peduncu- 
lata 446; pedunculata calycina 447; 
pedunculata minima 447; tenuifolia 
$40 

Giustiniani, Bouilhac and, on bacteria 
and algae 226 

Glandular hairs of Dipsacus sylvestris, 
Rostock on 316 

Goebel, K., personal 324; on dehiscence 
of sporangia of gymnosperms 70; on 
regeneration in Utricularia 399 

Golenkin, M., on mycorhiza 76 

Goodding, i... Ni: 53 

Gormania, Britton and Rose on 23 

Grants made by Carnegie Institution 79 

Greene, E. L., personal 159, 484; on An- 
tennaria 403; on Aster segregates 23 
on new species of Polygonum 403 

Greenman, J. M. 219; on Gryphocarpa 
234 

Grimmia, cognata 368; decipiens 369; ela- 
tior 369; Hendersoni 369; trichophylla 
309 

Grout, A. J., ‘‘Mosses with a hand lens 
and microscope”’ 474 

Growth, of embryos, Hannig on 480; in- 
fluence of light and darkness on rate, 
Iitis on 476; stimulation, Kanda on 
178; of stipe in Taraxacum, Miyake on 
177 

Griiss, J., on oxidase and peroxidase 477 

Gryphocarpa 156; Greenman on 23 

Guatemala, plants from 208, 417 

Guérin, P., on antipodal tissue of Genti 
ana 157 

Guilliermondia, Boudier 403 

Giirke, M., “Plantae Europaeae” 156 

Guttation, Molisch on 158 

Guttierrezia myriocephala 264 

Gymnolomia, multiflora 272; nevadensis 
271 

Gymnosperms, dehiscence of sporangia, 
Goebel on 70; germination of the mic- 

rospores 396; morphology, Jeffrey on 

ic A 


jO2 


Gymnosporangium — clavariaeforme, 
Blackman on 320 

Gwynne-Vaughn, D. T., on anatomy of 
ferns 71 


H 


Halacsy, E. de, * Conspec tus Florae 
Graecae”’ 395 

Halophytes, are plants of sea beaches and 
dunes true 424 

Hannig, E., on growth of embryos 480 

Harms, H., Dalla Torre and, ‘Genera 
Siphonogamarum”’ 475 

Harrimanella 298; stelleriana 301 

Hasseanthus, Britton and Rose on 234 

Hasselbring, H. 226, 315, 474, 48 

Hassleropsis, Chodat on 403 

Helianthella, argophylla 273; Covillei 273 

Helianthus annuus, chemotropism 2 
root hairs 1 $3 

Heliotropium, Heller on $903, Curassavi- 
cum 433 

Heller, A., on influence of ethereal oils 
229; on new genera and species 403; on 
new species 234 


5S» 


Hemionitis palmata, archegonia 285 

Hemsley, W. B., on Cyrtandraceae 234; 
on Davidia 396 

Hennings, P., on Biatorellina 234 

Hepaticae, of Minnesota, Evans on 154; 
mycorhiza, Golenkin on 76; quadri 
polar spindle 63; of Yukon, Evans on 

Heracleum, Boissieu on 75 

Herissey, H., on a new enzyme 231 

Hibiscus Moscheutos 461 

Hill, A., personal 240 

Hiltner, A., on cytological mycorhiza 
studies 77 

Histology, celloidin method 456 

Hoffmannia, arborescens 417; tetrastigma 
$17 

Hofmeisteria, pleuriseta 263; viscosa 26. 

Hohnel, F. v., on new genera of fungi 2 

Holferty, G. M. 106 

Holm, ‘T., on Carex 403; on Cyperaceae 
75; on Hypericum virginicum 74; on 
Triadenum virginicum 74 

Holodis« us, Heller on 234 

Holway, Ek. W. D., personal 159 

Holzinger, J. M., on moss flora of Min- 
nesota River 154 

Howe, C. D. : 


3 
> 
3 


» 395) 475 


315 
Howell, T., “A flora of northwest Amer- 
ica” 453 
Hudsonia tomentosa 428 
Huron river valley ecology 36 
Hutchings, C. E., ‘‘Catalogue of Sturte- 
vant Prelinnaean Library” 154 





ae 








Ww’ 1904] INDEX TO VOLUME XXXVII 4g! 


Hydrogen in photosynthesis, Pollacci on Kearney, T. H. 424; personal 324 
’ 400 Keller, R., on Hypericum 403 
Hymenoclea, fasciculata 270; monogyra Kellerman, W. A., personal 404 
271; salsola 271 Kerner, F*., on fossil plants 319 
} Hymenopappus, eriopoda 274; lugens Kidson, R., on fossil plants 319 
275; macroglottis 275 King, C. A., on reproduction in Araio- 
Vv Hypericum, Keller on 403; virginicum, spora 72 


Holm on 74 Klastopsora, new genus 403 
Hypnum, Closteri 380; Goulardi 380; Klebahn, H., ‘Die wirtswechselnden 
malacocladum 380 Rostpilze”’ 223 
Kobresia, Fernald on 75 
| Kofoid, C. A., “The plankton of the Illi- 
nois river” 472 


I. G., “ Ueber die Organization und 





Ikeno, S., on spermatogenesis in) Mar 








chantia 74 ad Physiologie der Cyanophyceen celle 
Iltis, H., on influence of light and dark die mitotische ‘Teilung  ihres 
ness on rate of growth 470 Kernes”’ 67 
Index, Engler and Prantl’s Die natiir Komaroy, V., on new species of Archi- 
’ lichen Pilanzenfamilien 16 chlamvdeac }O3 
Injuries, smoke, Wieler on 474 Kiister, E., on regeneration 396 
Ions, action, Mathews on 23 Kyrstenia, Greene on 234 
Iris, Eastwood on 75 
Isoetes, Eaton on 75; lacustris, archego F 
niun S2 
Iwanhotl, L.. on proteids and alcoholi Laboratory, Biological, at Cold Spring 
fermentatior 175 Harbor 323; al Woods Hole 222 
Y Lagenostoma, Oliver on > 34 
J Lampa, IE-mma, on Anthoceros antheridia 
e 13d 
Jahresbericht der Vereinigung der Ver Land, W. J. G. 304 
~ treter der angewandten Botanik 150, Longe ia, punctata 58; sctosissima 58 
174 Lappula, Eastwood on 75 
¥ Jeffersonia diphylla, development of em Lasallea, Greene on 234 
* brvo 122 i Lathyrus, Kastwood on 75; Heller on 403; 
Jeffrey, Ek. C., on phylogeny of Coniferales maritimus 461 
a Laurent, I°., death 323 
Jennings, O. G., personal 1SQ L, son, A \., on cytology of Sequoia 
Jerosh, Marie, ‘Geschichte der schweiz Ipervirens 234 
~ erischen Alpenflora” 312 * Leaflets” 159 
Johannsen, W., “Erblichkeit in Popula Leaves, compound, Zeleny on 227 
| tionen”’ 314 Leavitt, R. G., on reversion in Drosera 
Johnson, D.S., personal 323 inte winedia 


Johnst yn, | R.. on Flaveria > 24 Cc scab, Briosi and Farneti nN 307 


Jones, C. G., Edson, and Morse, ‘* The 


L. 

“poet ilraea, saxicola 377; striata 377 
maple sap flow” 314 Leskea, Best on 

I 

I 

Li 


44 ‘4 
75 
Jon M. E., on new eastern species 70 eucot Ch rte 75 





Jost, .. “Pflanzenphysiologie”’ 30 ewis, C. E. 127 
Journal of Applied Microscopy and Lab ick , ascogenous hyphae, Baur on 
oratory Methods 78 yor; of Minnesota, Fink on 154 
Juel, H. O., on pollen tube of Cupressu Light and darkness, influence on rate of 
220 growth, Iltis on 476 
Juncaceae, Fernald on 402 L — um, Boissieu on 75; scoticum 462 
Ligustrum 155 
7 K Lillie, PF. R. 763 
Lilium canadense, chromosome reduction 
Kanda, M., on stimulation of growth by }O4 
poisons 478 Linanthus, crocus 442; parviflorus 444; 
N Karsten, G., and Schenck, “ Vegetations Plaskettii 443 
bilder”? 317 Linaria Cymbalaria, Kiister on 296 
Katzer, F., on fossil plants 318 Liriodendron 155 
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Liverwort, mycorhiza, Cavers on 
spore distribution 63 

Livingston, B. FE. 224, 229, 230, 231, 383, 
391, 398, 476, 477; personal 3 } 

Joyd, F. E., personal 240 

sonicera 155; Rehder on 153 

ophosia, Evans on 23 

outeridium, costaricense 422; 

Smithii 422 

Lulham, R. B., Tansley and, on vascular 

ystem of Pteris aquilina 477 

Lupinus albus 250; chemotropism 25; 
root hairs 143 

Lycopodium, complanatum, archegonia 
283; inundatum 428 

lendron, Oliver and Scott on 237 


23/ 


tN 
2 
0 


ft pad fed ed 


Donnell- 





Lyginoc 

Lygodium japonica, archegonia 285 
Lyman, personal 32 

Lyon, Florence M. 225, 
Lyon, EH. 1, 


250, 207 


« / 
on pteridophytes of Minne 


M 


MacCallum, W. B. 70, 
McCoy, H. N. 309 
MacDougal, D. T., Richards and, on in 
fluence of carbon monoxid 316; Coville 
1, ‘Desert Botanical Laboratory” 


470, jSo 








Machaeranthera, coronopifolia 268; tana 








cetijolia 268; verna 267 
MacMillan, C. 147; personal 323 
Macronema pygmaeum 262 


Macrosporium ‘Tomato 480 
Magnesia, Aso on 156 
Magnolia 15 
Magnus, W., 


1j 





jt 


on cvtological mvycorhiza 


— i/ 
Maire, R., and Saccardo on Didymascella 





a ntia, spermatogenesis, [keno on 74 
Marchesetti, C. von, personal 404 

ni, on stomata in the cotyledons 397 
» C. DE 308; 472 
, soil of salt 427 
Ch.-Ed., on Boletus subtomento 








, on the origin of parasitism of 





fungi 480 
Mathew, A. P., on action of ions 230 
Mattei, G. E., on a gall on Quercus lep 

tobalanus 4o1 
Matz, A., biographical sketch 484 
Maxon, W. R., on Polypodium 23 
Mechanical tissue, Ball on 70 
Meliosma, Donnellsmithii 214; Itatiaia 





Merrill, FE. D., on Philippine plants 403 


Merriman, Mabel L. 178 
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Mesoptychia, Evans on 23 
Mexico, plants of 219; Robinson on 309 
Michigan, University 239; forestry 240 
Miconia involucrata 209 

Microspores, germination of in Gymno- 

sperms, Coker on 390 
Mikanias, Robinson on 399 
Millspaugh, C. F., “ Plantae Yucatanae”’ 

+75 
Mimosa, Robinson on 300 
Minnesota, Botanical 154; flora, 

Rosendahl on 15 1; Seaside station 323 
Mitosis of malignant growths, 

Moore, and Walker on 47 
Miyake, K., on Taraxacum 4 
Mnium, archegonium 284; «1 

archegonium 106, 117 
Molisch, H., on excretion of water from 


series 


Farmer, 
/ 
] 


ec 
ispidatum, 


leaves 158; on photosynthe sis 317 
Moller, A., on mycorhiza of pine roots 76 
Molliard, on perithecia and bacteria 69; 

and Coupin on Sterigmatocystis nigra 

221 
Monardella, Eastwood Heller on 


on 75> 
23 

Monocotyledons, evolution 325; Schaffner 
On 3205 

Montemartini, L. 397 

Monterey pine, galls on 448 

Moore, G. T., person il 324 

Moore, tie E.S , Farme 


the apogamy of 


r, and Digby, on 
Nephrodium 476; 

Farmer, and Walker, on cytology 477 
Moore, S$. LeM., on Salpingacanthus 4 
Morgan, ‘J 


tion’? 66 


) 


H., “Evolution and adapta 


Morphology, experimental, Bonnier on 73 
Mosses, of Bolivia, Williams on 234; of 
Minnesota river, Holzinger on 1 
North America 362 
Mycoplasm hypothesis, Eriksson on 228 
Mycorhiza, Golenkin on 76; Nemec on 
75; of pine roots, Moller on 76; Stahl 
on 75; Tubeuf on 76 
Myxobacter aureus 405 
Myxobacteriaceae, notes on 4 
Zukal on 405 
Myxococcus, coralloides 412; disciformis 
$12; Incrustans 407; 
pyriformis, A. L. Smith on 406 
Myxolibertella, Héhnel on 


543 of 


5s; Zeder- 


bauer on 406 
macro. porus } 0; 
233 
N 
Nash, G. V., on Aletris 75 
Navarretia, Bowmanae 444; cotulaecfolia 
145; mellita 445; pterosperma 445; 
setosissima punctata 58 


Neger, on mycorhiza 77 
Nectaries, extra floral, Schaffner on 395 
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Nelson, Aven 260 

Nemacladus, Eastwood on 75 

Nemec, B., on mycorhiza 75 

Nemophila, Suksdorf on 23 

Nephrodium, apogamy in, Farmer, Moore 
and Digby on 476 

Nestler, A., on thein 474 

Netopterygium, Boissieu on 75 

Neurolaena, cobanensis 418; macrophylla 
$19 

Neuropteris heterophylla, Oliver on 238 

New York, Botanical Garden 80, 484; 
State College of Forestry 160 

Newcon be sa I é sé 23 

Newell, Arber and, on fossil plants 319 

Nitrogen for algae, Reinke on 228 

North 

Nuclear division in Pallavicinia 64 

Nuclear fusion of Uredineae, Blackman 


on 32 


American mosses 308 


Nuph ir zone, of morainal lake Ke 
Nutrition of the egg of Zamia 346 
Nyctaginaceae, Jones on 7 


Nymphaea poly sepala, 


okas,”’ Coville on 396 


pre paration ol 


O 
Oclemena, Greene on 234 
live, FE. W 
jirver, F.. W 
on Ne 


origin of the ovul 


79, 24 
, on fossil plants 476, 478; 
ris heterophylla 238; on 


»36; and Scott, on 


" 
» personal 79O 








vginodendron 23 








( rella, Britton and Rose on 234 
Oncopodium, new genus 403 
( implex, Bowe on 475 





} n, Marie 353 

Opuntia, three new species, Weber on 234 

Orchids, germination, Bernard on 228; of 
southern Florida, Ames on }O3 

Oreopanax, meiocephalum 210; o! 
pun 11 

Orobanche, ludoviciana 279; xanthochroa 

Ortho irpus, Keller on 234, 403 

Osborn, H., personal 404 


Osmosis, Steinbrinck on 4 





Osmoti pre sure, Bernard on 7 
Osmotropl m of roots 35 
Worsdell on 


Oliver on 220 


5 


Ovule, nature, 317; origin, 
Oxida \so on 157; Griiss on 477 
Oxveoccus macrocarpus $25 


Oxvgen evolution, effect on, Pantanelli on 


allavicinia, nuclear division 64 


33 


P 
Panicum, amarum minus 420; pubescens, 


buried seed 146 
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Pantanelli, E., on effect on evolution of 
oxygen 233 

Parasiti ft : igin, M ~ R65 
arasitism of fungi, origin, Massee on 48c 

Paris quadrifolia, embryology and cytol- 


ogy of, Ernst on 72; sperm nuclei 359 


/ 
Patellariaceae, new genus of, Hennings on 
23 


Peas, spermatogenesis of hybrid, Cannon 
on 71 

Pectocarya, miser 278; penicillata 275 
Peirce, G. J. 448 

Penhallow, D. P., “Tertiary plants” 155 
Pentstemon, Heller on 234 

Peridermium on Pinus 448 

Perithecia and bacteria, Molliard on 69 


Perkins, Jane - personal 79; ai) ragmenta 
florae Philippinae”’ 393 
Peroxidase, Griiss on 477 


Persicaria, Evans on 234 

Personals: Anderson, Mary P. 484; Ar 
noldi, W. 239; Askenasy, FE. 484; Bay, 
J.C. 160; Behr, H. H. 484; Behrens, W. 
230; Benecke, F. 1954; Bescherelle, l 
240; Bower, F. O. 324; Canby, W. M. 
323; Cannon, W. A. 79; Cardot, J. 24 
Celakovsky, L. J. 484; Chamberlair 





Dixon, H. H. 484; 324 
Dufour, J. 239; Ki Far 
low, W. G. 150; 324; 
Garcke, A. 4 324; 
Greene, Fk. L. 1509, } 


Holway, FE. W. D. 159; Jennings, O. G. 
159; Johnson, D. S. 323; Kearney, T. 
H. 324; Kellerman, W. 
ent, FE. 323; Livingston, B. FE. 322 
Lloyd, F. I 940; Lyman 32 
Millan, C 222: Marchesetti, C. vor 
104; Matz, A. 484; Moore, G. ‘] 
Olive, | \ 79, 24 Osborn, H ; 
Perkins, Janet 70; Pollard, C. L 79; 
Ramalev, 239; Ramirez, J. 404; Rob 
inson, B. L. 159: Rose, J. N. 78; Salter 
J. H. 239; Schneider, A. 323; Schu 
mann, K {04 Scott, D H 322; 
Seward, A. C. 159; Shafer, | 
Shreve, F. 323; Shull, G. H. 240; Stur 
gis, W. C. 239; Suter, H. M. 48,4 
Tilden, Josephine E. 323; True, R. H. 
324; Warming, EK. 4o4; Wettstein, R. 
von 239; Whitford, H. N. 239; Whittier, 
J. B. 239; Wieland, G. R. 79; Wiesner, 
J. 324; Wolfe, J. J. 324; Woronin, M. 
184; Yapp, R. H. 239 
Peucedanum, Boissieu on 
Pfetfer, W., 


‘Physiology of plants’? 301 





75 


“ Pflanzenphysiologie”’ 391; 
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Phacelia, foetida 58; Palmeri 59 

Phascum hyalinotrichum 363 

Phaseolus integrijolia Palmeri 59 

*hilippine, ferns, Underwood on 15 
plants, Merrill on 403 

Photosynthesis, effect of solutes, Panta- 
nelli on 233; hydrogen in, Pollacci on 

; Molisch on 317 


7 





Phragmidium violaceum, Blackman on 32 
Phycomyces, formation of spores, Swingle 


on 232 
Phyllitis caespitosa, reproduction 289 
Physiology, appliances for use in plant 302 
Phytoplankton, Bachmann on 398 
Pilger, R., on Acmopyle 234; on Taxaceae 
155 
Pimpinella, Boissieu on 75 
Pinus 156; fossil, Zeiller and Fliche on 
>; Sargent on 234; cembra, jacket 
cells 347; radiata, galls on 448 
Pisum sativum 242; chemotropism 25 
Plagiothecium, elegans 379; Groutii 370; 
Muehlenbeckii pseudosilesiacum 
378; silesiacum 378; striatellum 378; 
sulcatum 378 
Plankton, Scottish fresh water, West on 


TSO 








Plantago, major and Rugelii, buried seed 


P'asmolysis in algae, Brand on 3098 

Platymiscium dimorphandrum 208 

Platyspermae, Oliver on 23 

Plecto Aiea americanus 220 

Pleuridium, Bakeri 363; Bakeri elonga- 
tum 364; Bolanderi 364; Ravenelii 364; 
subulatum 364 





Pleurospermum, Boissieu on 75 
Plowman, A. B. 456 

Pod or —< mycorhiza 
Podophyllum peltatum 


of nk 129 


le 


War 


‘ 
37; development 
Poisons, action, Mathews on 230 
Polemoniella, Heller on 403; albiflorum 
37; Berryi 440; californicum 437, 430; 
calycinum 438; fasciculatum 442; fili- 
cinum 437; foliosissimum 437; humile 
438; micranthum, Heller on 403; occi- 
dentale 437; pulchellum 442; rotatum 
Tevisii 440; tricolor 439; visco- 
sum 440 
Pollacci, G., on photosynthesis 400 
Potlard. ‘C.. i... personal 
Pollen mother-cells of Lilium canadense 
164 
— tube of Cupressus, Juel on 229 
Pollination, in Elodea 11; of primitive 
angiosperms 294 
Polyangium, compositum 409, 413; fus- 
cum 414; septatum 409, 412; simplex 
414; sorediatum 414; vitellinum 406 


Polygonum, Greene on 403; Robinson on 
399; aviculare 461; buried seeds 146 
Polypodium, Maxon on 23. 

Pond, R. H. : 

Poole, H. S., on fossil plants 319 

Porella platyphylla, spore distribution 63 

Porsch, O., on stomata of Casuarina 395 

roner: “E> C.. * Catalogue of the Bryo- 
phyta and Pte ridophyt 1 found in Penn- 
sylvi ini 395; “Flora of Pennsyl- 
vania” 225 





Post, T. von, “Lexicon generum phan- 
erog marum” 154 

Postelsia palmaeformi 147 

Potamogeton, anatomy, Raunkiaer on 
316; zone, of morainal lake 39 

Potassium, influence, Molliard and Cou- 
pin on 231 

Potatoes, dry rot, Smith and Swingle on 
317 

Pottia nevadensis 3605 

Proteids, Iwanhoff on 475 

Prothallia, apogamous, Farmer, Moore, 
and Digby on 476; in Taxus baccata, 
Strasbu ger on 482 

Ps: udoleskea substricta 377 

Pte ridophiyte s of Minnesota, Lyon on 154 

Pteridospermae, Oliver and Scott on 237 

Pteris, aquilina, vascular system, Tansley 
and Lulham on 477; longifolia angusta 
123 

Punctaria latifolia, reproduction 289 

Pyrrocoma, brachycephala 265; inuloides 
265; Kennedyi 265; lanceolata 265; 
Lyallii 262; uniflora 265 


Q 


Quercus, leptobalanus, gall on, Mattei on 
$01; prinus, multiseeded acorns 61 


R 


Ra‘iospermae, Oliver on 236, 476 

Ramaley, I. 388; personal 239 

Ramirez, J., death 4o4 

Ranunculus, Heller on 403; Komarov on 
403 

Raphanus, growth of embryo, Hannig on 
480; sativus 245; chemotropism 25, 
root hairs 143 

Raunkiaer, C., on anatomy of Potamoge- 
ton 310 

Razoumofskya, Rosendahl on 154 

Regeneration, Kuster on 396 

Rehder, A., “Genus Lonicera”’ 153 

Reinke, J., on sources of nitrogen for 
algae 228 

Renault, B., on carboniferous vegetation 
69 
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i Reproduction in Araios ora, King on 72 
Reversion in Drosera intermedia, Leavitt 
on 7O 
Reviews: Abrams’s “Flora of Los An 
geles” 394; Atkinson’s “Studies of 
American fungi’’ 226; Bailev’s “Plant 
breeding” 471; Bonser’s “ Ecology of 
Big Spring prairie” 315; Boulanger’s 
“Lascospore de la truffe’” 315, “Les 
mycelium trufhers blancs”? 315; Cajan 
der’s “Die Alluvionen des unteren 
Lena-Thales”’ 312; Cohen’s “ Physical 
chemi try” 224; Coville and MacDou 
i gal’ “Desert botanical laboratory”’ 
307; Dalla Torre and Harms’s ‘Gen 
era Siphonogamarum” 475; Davey’ 
The tree doctor” 475; Engler’s ‘Mo 
nographiecen  africanischer Pflanzen” 
26; “Da Pilanzenreich” 155, and 
Prantl’s “ Die naturlichen Pflanzenfam 
ilien”’ 156; Ewart’s Pfetfer’s ‘ Physi 
ology of Plants” Il 391; Fisher’ 
Schimper’s “Plant Geography” 392; 
Flahault’s ** La paléobotanique”’ 33 
Fox ‘Tree planting” 215; Giesen 
hage n’s ** Lehrbuch der Botanik”’ 225 
. Giglio lo * Probléme de la vie 
151; Grout’s * Mosses with a hand len 
and micro cop ” 474; Halacsy’s “Con 
spectus Florae Graecae”’ 395 Howell's 
“A flora of northwest America” 313 
Jerosch’s “Geschichte der schweizer 
i ischen Alpen ora” 212; Johannsen’s 
“Erblichkeit in) Populattonen’ 314; 
Jone & kd on, at d Morses’ “Th maple 
ap flow” 314; Jost’s ‘* Pflanzenphysi 
ologie’? 390; Karsten and Schenck’s 
“Vegetat onbilder” = 317; Klebahn’s 
* Die wirtswechselnden Rostpilze”’ 223 
Kofoid’s “The plankton of the Illinois 
river’ 472; Kohl’s ‘Ueber die Organi 
zation und die Physiologie der Cyano 
phyceenzelle und die mitotische ‘Teil 
ung ihres Kernes” 67; Millspaugh’s 
“Plantae Yucatanae”’ 475; Morgan’s 
‘Evolution and adaptation” ©6; Pen 
1 


vallow’s “Tertiary plants” 155; Per 
kins’s “ Fragmenta florae Philippinae”’ 
393; Pfetfer’s “ Pilanzenphysiologie”’ 
301, “Physiology of plants” 391; Por 
ter’s “Catalogue of the Bryophyta and 
Pteridophyta found in Pennsylvania’”’ 
995, “Flora of Pennsylvania’ 225; 
Post's “Lexicon generum  phanero 


gamarum”’ 154; Rehder’s “Genus 


te 





Lonicera’’? 153; Richter’s ‘Plantae 
Europaeae” 156; Roth’s ‘Die euro 
piischen Laubmoose” 150, 304; Sar 
gent’s “Trees and shrubs” 155 











Schimper’s “Plant geography” 392; 
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Smith’s (John Donnell) “ Enumeratio 
plantarum Guatemalensium” 156; Sny- 
der’s *‘Chemistry of plant and animal 
life’? 309; Strasburger, Noll, Schenck 
and Karsten’s “ Lehrbuch der Botanik’ 
311; Walmsley’s *‘ The A B C of photo 
micrography”’ 394; Wettstein’s “* Hand 
buch der systematischen Botanik”’ 68; 
Wiegand and Foxworthy’s “A key to 
woody plants in winter’? 393; Wittrock s 





‘Portraits of botanists” 156 





Rhabdothamnopsis, Hemsley on 234 

Rhizobia, Schneider on 154 

Rhizoids of Ricciocarpus 173 

Rhizopus, formation of spores, Swingl 
on 22 

Rhode Anna L. 23 

Rhus, canadensis sim plicijolia +7: glabra 


57: macrothyrsa 56; simplicif 
trilobata 57; utahensis 57 
Ricciocarpus natans 161 
Richards, H. M., and MacDougal, on 


} 


influence of « 


irbon monoxid 31¢ 
Richter, K., “Plantae Europaeae”’ 156 
Robertson, C O4 
Robinson, B. L. 153; personal 15 on 


, | 
Mexican and Central American plants 
( pecies of Anvchia 


2909; on two common s 


+ 5 
Robinsonella edentula 417 


Roots, aerotropism 241; calamite, Stopes 


n 319; chemotropism 23; hairs, devel 


Rose, J. N. 385; personal 78 
hl, C. O, on flora of Minnesota 





At vivestris 316 


Roth G “Die europiischen Laul 1 e” 


2 


Sabbatia stellaris yO2 


Saccardo, P. A., Maire and, on Didy 
ma cella a5 
Sackett, W. G., Stevens and, on wilt d 


ease of tobacco 
Salicornia herbacea 426 
Salix, Seemen on 75 
Salpingacanthus, Moore on 
Salsola Kali 43 
Salts, effect on growth, Kanda 


effect on plants $27 


; influence « 
Benecke on $70 

Salter, J. H., personal 239 

Sands, salt in beach avd dune 428 

Sargant, Ethel 325 

Sargent, C. S., on Crataegus 234; “Tree 
and shrubs” 55 
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Schatiner, J. H., on extra floral nectaries 
395; on monocotyledons 398 

Schenck, H., Karsten and, ‘* Vegetations- 
bilder” 317 

Schimper, A. F. W., 


392 


5 


“Plant Geography”’ 
Schneider, A., personal 323; on Rhizobia 
154 
Schrader, H. F., on Alaria nana 154 
Schulze, C., on sterili ation of soil 474 
chumann, K., death 404 
Scirp.s lacustris, Chase on 403 
Scott, D. H., personal 323; on develop- 
ment of fossil ferns 397; Oliver and, on 
Lvyginodendron 237 
Scutellaria, Eastwood on 75; Heller on 234 
Sedella, Britton and Rose on 234 
Seed, fossil, Oliver on 476; preservation of 
buried 146; vitality 222 
Seemen, O. von, on Salix 75 
Soissieu on 75 
apus, archegonium 282, an- 
ridium 265; rupestris, 
Herissey on 231 
Senecio, calyculatus 110; petasioides $10 
Sequoia, fossil, Zeiller and Fliche on 230; 
Jeffrey on 402; sempervirens 448; cytol 
ogy, Lawson on 23 
Boissieu on 75 
Seward, A. C., personal 159; on Dictyo 
zamites 69; on fossil plants 21d 


Selinur 





Sel: 





ap gamy 287 


semuinase, 





Sex crgans of plants, evolution 28 

Shafe ] Fa personal 159 

Shibata, K., on cytological mycorhiza 
studies 77 

Shreve, F., personal 323 

Shriner, F. A. 139 

Shull, G. H. 228, 314, 477; personal 2 

Sideranthus, australe 266; Geskdient 2 266: 
oral ~ 60 


‘astwood on 75 








s rutescens 273 
Sirozvthia, new genus 403 
Sisvrinchium, Heller on 403 
Skinner, S. A., on tide pool vegetation 154 
Sloanea, meianthera 208; obtusa 208; 


obtusifolia 208 
Smith, A. ee on Myxococcus jo 
Smith, E. F., and Swingle, on dry rot of 
tatoes 317 
, Isabel S. 246 
D. 208, 417 


Smith 


‘Enumeratio 
m Guatemalensium” 156 

I., on asparagus rust 397 
K., Porter’s (¢ 





| ; ‘atalogue of the 
Brvophyta and Pteridophyta found in 
Pe nnsylvania 205 

Snow, Laetitia M. 143 

Snyder, N., “Chemistry of plant and 


’ 


nal life’’ 309 
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Society, new German 240 

Soil, of salt marshes 427; 
Schultze on 474 

Solanum, amatitlanense 420; 
lense 421; evolvulifolium 211; Lin- 
denii 212; mazatenangense 421; mi- 
tratum 211; nigrum 461; pilosiuscu 
lum 422; quichense 422; sanctaeclarae 
211; synantherum 211; Tuerckheimii 
212 

Solidago, multiradiata 264; multiradiata 
scopulorum 264; scopulorum 264; sem 
pe vires 463 

Spartina stricta glabra 426 

Spathicarpa sagittae‘olia, 


> 


sterilization. 


arrazo- 


Campbell on 


“Spaltpilzflechten”’ joO 
Spermatia, Baur on 401; 
Spermogonium, 
Baur on 4o1 
Spermatogenesis, in hybrid peas, Cannon, 
on 71; in Marchantia, Ikeno on 74 
Sphacele, Eastwood on 75 
Sphagnum zone of morainal lake 
Spinalia, Vuill min on 403 
Spiranthes, 
sporangia of Gymnosperms, 


Blackman on 32 
Arthur on 399; of lichens, 


Ames on 402 

dehiscence, 

Goebel on 7 

distribution in 
Equisetum 60; forn 
and Phycomyces, 

Sporodiniopsis, 

Sporophyte of 


Spraguca, 


Spores, liverworts 63; of 
ation in Rhizopus 
Swingle on 232 
Hohnel on 233 
Ricciocarpus 169 
Eastwood on 735 
Squamotubera, Hennings on 234 
Stachys, Heller on 234 
Stahl, on mycorhiza 75 
Statice, Limonium 464; 
Steinbrinck, C., on osmosis 40¢ 
Stenotus, falcatus 266; Jlaceratus 262; 
latifolius 266; WceLeanii 261; ; 
262 
Stenotopsis, McLeanii 261 
Stephanospermum, Oliver on 7° 
Molliard 


caroliniana 426 


gmaeus 


Sterigmatocystis nigra, and Cou 
pin on 231 

Sterzel, T., on fossil plants 319 

Stevens, F. L., and Sackett, on wilt dis 
ease of tobacco 2 i 


S igmaria, Poole on 219 


Stipe, growth of in Taraxacum, 
On 477 

Stomata of Casuarina, 

Stomata, in the cotyledons, 
307; Movement SI 

Stone, W., on racial variation 
violets 157 


Porsch on 396 
Mariani on 


mong the 


Stopes, M. C., on calamite 
Strains, influence, Ball on 7o 


Strand plants, anatomy 461 


roots 319 
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Strasburger, E., on Taxus baccata 482; 
Noll, Schenck, and Karsten, 


buch der Botanik” 311 
Sturgis, W. C. 4 





; personal 239 


‘“* Lehr- 


Sturtevant P elinnaean Library, Cata- 
logue compiled by Hutchings 154 
Stylophyllum, Britton and Rose on 23 


Suaeda, maritima 426; Torreyana 427 


Suksdorf, W., on Nemophila 23 


Suter, H. M., personal 484 


2 


at, 


Swingle, D. B., on formation of spores in 


Rhizopus and Phycomyces 


and, on dry rot of potatoes 317 
Symphoricarpus, Eastwood on 75 


T 


Tamus communis 34 


> 


‘ 


2 32 


5 


; Smith 


‘ 


Tansley, A. G., and Lulham, on vascular 


ystem of Pteris aquilina 477 


/ 
Miyake on 


Taraxacum, growth of stipe, 
477 

Paxaceae, Pilger on 155, 234 
Taxonomy 74, 233, 402 
‘Taxus | 


Technique with lichens, Baur on 


‘Telangium, Benson on 238 
! 


yaccata, Strasburger on 482 


JO 


Tendrils, physiology, Fitting on 321 


Teretidens, Williams on 234 


Tertiary plants, Penhallow on 155 


Tetradymia, axillaris 277; spinosa 2 


‘ t 


Tetraneuris, epunctata 2 


/ 


‘i 


5; eradiata 275 


Thalictrum, Finet and Gagnepain on 403 





, Nestler on 474 
ephoraceae, a new specie 
héniot, 1. 363 

hom, C. 215 

ilden, Josephine E., persona 





ithonia argophylla 273 
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I 
I 
I 
I 
‘I 
I 
I 
I 
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ett on 227 


5 of 


mbers, strength of American 


. ‘obacco, wilt disease, Stevens 


/ 


215 


7 


and Sack 


Tondera, F., on geotropism of the Cucur- 


bitaceae 316 


Tonestus 262; laceratus 262; Lyallii 262; 


pygmaeus 262 
Torreya 227; Oliver on 234 


Townsendia, alpigena 267; dejecta 267 


Toxicity, theory 230 


Tremella sarcoides } 


‘ 
Triadenum virginicum, Holm on 7 


Trichogyne, Baur on 4o1 
Trichothecium candidum 481 


Trifolium, Heller on 403; 
buried seed 


buried seed 140; repen 
140 


} 
/ 


pratense, 


Trillium grandiflorum, embryology and 





Ernst on 


cvtolog 


Triticum vulgare, root hairs 143 

‘Tropic al laboratory 50 

True, R. H., personal 324 

Tschirch, A., on anthers of Compositae 












































157 
Psuga, jacket cells 348 
Tuberization, Bernard on 70 
Tubeuf, C. von, on mycorhiza 76 
Turpentine, change of methods 78 


U 
Ulva lactuca, reproduction 289 
Umbellales of Minnesota, Wheeler on 154 
Umbelliferae of China, Boissiea on 7 
Unamia, Greene on 234 

Uncasia, Evans on 23 

Underwood, L. M., on ferns of the I 

pines 137 


Uniola paniculata 429 


5 


7 
} 





Uredinales, fusion and clamp connet tions, 


l 
niss 





\ S 
J Blackman on 320 
Utricularia cornuta 428 


Vaccinium 136; Vitis-Idaeca 3 

Valeriar i, Heller on 493 

Vegetation, tide pool, Skinner on 154 

Vegetative cell division in Allium 175 

Veratrum, Heller on 22 

Vermont Botanical Club 239 

Viburnum 155; Sargent on 234 

Vicia sativa 250; root hairs 143 

Vienna, second international botanical 
congress 324 

Villadia, Britton 

Violets, racial var 





iS 
Voss, W., on fusion and clamp connections 
in Uredinales 158 


Vuillemin, P., on Spinalia 403 


W 
Walker, C. E., Far 


tolog 


Walmsley 


a 


V 477 
,W.H., “The A B C of pho 
raphy’ 304 

Warming, F., personal 404 

Water. ascent, Dixon on 229; excretion 
from the leaves, Molisch on 1° 8; } 
cal properties of bog 383 

Weber, on new species of Opuntia 234 

Webera, annotina 370; chlorocarpa 309; 
Debati 370; gracilis 37 

Weevers, ‘T. and Mrs. C. J., on catfer 1 157 

Weiss, F. E., on fossil plants 319 

Weld, L. H. 36 


tomicrog 
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Wes , W., and G. S., on Scottish fresh 
water plankton 158 

Wettstein, R. von, personal 239; “ Hand- 
buch — er systematischen Botanik” 68 

Wheeler, W. A., on Umbellales of Minne- 









H.N., personal 239 
Whittier, J. B., personal 239 
Wiegand, K. M., and Foxworthy, “A key 
to woody plants in winter” 395 
Wieland, G. R., personal 79 
Wieler, A., on :mok * injuries 474 
Wiesner, J., personal 324 
Williams, J. L., on gametophyte of Dic- 
tvota dichotoma 480 
Williams, R. S., on Bolivian mosses 234 
Wilt disease of tobacco, Stevens and 
tt on 227 
izenia, Eastwood on 75 
ock, V. B., portraits of botanists 156 
Wolfe, J. J., personal 22. 
Wood, celloidin method for sections 456 
Woronin, M., biographical sketch 484 
Worsdell, W. C., on nature of the ovule 
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X 


Xanthium canadense 461 
Xylariaceae, new genus, Hennings on 
23. 


Xylorrhiza, scopulorum 270; tortifolia 270 


Yy 


Yale Forest School, fire 79 


Yapp, R. H., personal 239 


Z 


Zamia, nutrition of the egg 346; integri- 
folia, anatomy, Enrico « 

Zea mais 242; root hairs 143 

Zebrina pendula villosa 213 

Zederbauer, E., on Myxobacteriaceae 
400 , 

Zeiller, R., and Fliche, on fossil Sequoia 
and Pinus 230 

Zeleny, C. 66; on compound leaves 227 

Zygadenus, Eastwood on 75 


1 398 
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THE HILL OF TARIK IN AMERICA, 
By HERBERT S. HOUSTON. 
(With Photographic Illustrations by Arthur Hewitt.) 


From Madeira the ship’s course was straight for the Mediterranean. Among 
those on board, bound for the Orient, were a New York publisher and a bright 
boy from the West, eager for all the new sights of the Old World ahead. As the 
land breezes caught the pen- 
nant at the masthead, the 
boy scanned the eastern hor- 
izon and he kept it up for 
hours. 

“What are you looking 
for so hard?” inquired the 
publisher. 

“Oh, I want to see that 
big sign of the Prudential on 
Gibraltar,” and the boy still 
peered into the east. When 
at last the great rock, the Hill 
of Tarik the Saracen, lifted 
its head above the ocean, the 
boy searched in vain for the 
sign he was sure he would 
see. For him, as for all otber 
Americans who read the mag- 
azines, the Prudential was 
inseparably associated with 
Gibraltar. And this associa- 
tion has made the rock and 
the insurance company al- 


most interchangeable terms, 





simply because each — sug- 
gested strength. But the 
American Gibraltar achieved 


U.S. SENATOR JOHN F. DRYDEN, 
President of the Prudential. 


its strength in a few years by 
dauntless human endeavor, while the slow accretions of ages gave strength to its 
namesake, the mighty Hill of Tarik. 

Ten years after the close of the Civil War—a period so recent that its history 
has scarcely been written—the Prudential was established in Newark. As if 


foreknowing the great rock to which it would grow, it began its foundation in a 
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basement office. It was like the beginning of the New York Herald by Bennett, 
the elder, in a basement on Ann Street. But it would be an idle play with words 
to make a basement office the real foundation of the Prudential. It was something 
much deeper down than that—nothing else than the bed-rock American princi- 
ple of democracy. The Prudential applied the democratic principle to life insur- 
ance. As Senator Dryden, of 
New Jersey, the founder of 
the company, has said: “ Life 
insurance is of the most value 
when most widely distributed. 


mo - — 


The Prudential and the com- 
panies like it are cultivating 
broadly and soundly among 
the masses the idea of life- 
insurance protection. To 
them is being carried the gos- 
pel of self-help, protection, 
and a higher life.” 

And what has been the 
result of the democratic 
American principle worked 
out in life insurance? In 
1875 the first policy was 
written in {the Prudential. 
At the end of 1903 there were 
5,447,307 policies in force on 
the books of the company, 





representing nearly a billion 
dollars. The assets in 1876 
HOME OFFICES, PRUDENTIAL INSURANCE CO., 


NEWARK, N. J. were $2,232, while twenty- 


seven years later, in 1903, 
they were more than 30,000 times greater, or $72,712,435-44, the liabilities at the 
same time being $62,5 78,410.81. This isa record of growth that is without prece- 
dent in insurance and that is hard to match in the whole range of industry. 
The rise of the Prudential to greatness reads like a romance in big figures, but, 
in fact, it is a record of business expansion that has been as natural as the 
growth of an oak. To say that, in ten years, the company’s income grew from 
something more than $9,000,000 a year to more than $39,000,000 last year is 
amazing as a general statement, but when made in relation to the broad prin- 
ciples on which that growth has been based, there is no mystery about it; but 
there is in it, from the day when the principles were planted in Newark until 
these great harvest days, the genuine American spirit of achievement, strong, 
hopeful, and expansive. 
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The Prudential Insurance Company of America is a national institution. It 
was founded to provide insurance for the American people on the broadest possible 
basis, consistent with strength and safety. 

Just as Grant and Lee organized their armies, or as Kouropatkin and Yama- 
gata plan their campaigns in Asia, so does the Prudential work out its national insur- 
ance propaganda. ‘The com- 
pany’s organization is essenti- 
ally military. Itisa wonderful 
combination of big grasp 
and outlook, with the most 
painstaking thoroughness and 
system in details. And, as is 
always the case in every or- 
ganization that throbs 
throughout with intelligent 
energy, there is a man at the 
center of it. This man has 
a constructive imagination 
lighting up a New England 
brain. To business prudence 
there is added the large vision 
which sweeps the horizon for 
opportunity. Naturally, to 
such a vision the application 
of the democratic idea to in- 





surance was an opportunity 
of the first magnitude. When 


ENTRANCE TO MAIN OFFICES. 


seen, it was grasped and developed. The Prudential was founded. Year after 
year the company added to its number of policy-holders. And all the time the 
company was working out a more liberal basis for its democratic idea. But each 
time a more liberal policy was offered, it was fully tested. ‘‘ Progress with strength” 
is the way President Dryden describes the company’s principle of growth—the 
results, clearly, of vision and prudence. At the end of ten years of this method of 
growth, the company reached the point where, it was believed, insurance could 
be safely offered for any amount with premiums payable on any plan, either in 
weekly instalments or at longer periods. Within the five years, 1886 to 1890 inclu- 
sive, the company’s assets increased nearly fivefold, from $1,040,816 to $5,084,- 
895, and the amount of insurance in force from $40,266,445 to $139,163,654. 

The Prudential had found itself. The idea of democratic insurance had been 
fully tested and adjusted to the needs and conditions of the American people. 
Then, with a boldness which only large vision could have quickened, the plan 
was formed to make the Prudential’s idea known in every section of the country. 
Gibraltar was chosen as the symbol of the company’s strength, and advertising— 
the telling of the Prudential idea to the people—was begun. 





THE HILL OF TARIK IN AMERICA 


There is no place where one feels the greatness of the Prudential quite 
so much as in the vast granite piles which have been raised for the company’s 
home buildings. ‘They rise above the Jersey meadows as Gibraltar does above 
the sea, a convincing witness, surely, to the growth and to the strength of the Pru- 
dential. But they are not a cold, gray rock, but a living organism throbbing from 
vital contact with millions of policy-holders. There are now four of these great 
buildings, all occupied by the company. 

Today the Prudential is paying over 300 claims a day, or about forty each 
working hour. On many policies settlement is made within a few hours by the 
superintendent of the district; on the large policies a report is sent immediately 
to the home office and settlement authorized by telegraph. And on over 45 
per cent. of the claims more money is paid than the policy calls for. From the 
beginning the Prudential has followed lines of great liberality. 

It would be interesting to describe the broad activities that hum in the great 
buildings at Newark, but they would more than require an entire article themselves. 
So, too, with the equipment and furnishing of the buildings which, in the way of 
complete adjustment to their particular work, are probably unequaled in the 
world. Thousands who go to the World’s Fair at St. Louis will find in the Pru- 
dential’s exhibit in the Palace of Education a fine model of all the buildings, and 
alsu the fullest data concerning life insurance that have ever been brought together. 

But the last word about the Prudential is not told at any exposition. It is 
found in the 5,500,000 policies which form a stupendous exhibit on the value of 
life insurance in developing thrift, safe investment, and home protection in a 
nation. Of course, such an exhibit could never have been possible if the Pruden- 
tial had not worked out safe policies that would meet the broad needs of the 
American people. 
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